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ECOLOGY OF MIXED PRAIRIE IN CANADA 


INTRODUCTION 


The Canadian portion of the great mid-continental 
grassland of North America is not well known eco- 
logically. That by far the larger part of it is mixed 
prairie has been ascertained, but the extent of this 
area, its contacts, and the several communities of 
which it is composed have not been determined. This 
research deals with these problems and with the 
autecology of the more abundant and important spe- 
cies. 

The mixed prairie (Stipa-Bouteloua Association) 
is the most extensive of the six associations occurring 
within the grassland formation of North America. 
This association extends from northwestern Texas to 
Saskatchewan and Alberta and from central North 
Dakota and Oklahoma on the east to western Wy- 
oming and eastern Utah, and southwestward through 
northern New Mexico and Arizona to the Colorado 
Valley. It lies in contact with the True Prairie Asso- 
ciation on the east, meets the Coastal Prairie Associa- 
tion in north-central Texas, the Palouse Prairie Asso- 
ciation in western Montana, eastern Idaho and north- 
tern Utah, and forms a broad ecotone with the Desert 
Plains Association in the southwestern part of its 
range. The mixed prairie changes in composition and 
structure from south to north, but the presence of 
the major dominants over nearly all of it leaves no 
doubt of its unity (Weaver & Clements 1938, Clem- 
ents & Shelford 1939). 

The plan of the present study was to examine the 
structure of the mixed prairie of western Canada, to 
classify the communities or types of vegetation oe- 
curring within the area according to their botanieal 
composition, and to ascertain certain ecological char- 
acteristics of the dominant and principal species com- 
posing the several units of vegetation. 

The data presented in this paper were collected 
during a period of 8 years, from 1941 to 1948, when 
the writer was engaged in various aspects of eco- 
logical research on the vegetation of southern Alberta, 
Saskatchewan and Manitoba, The writer was assisted 
during the course of the work by the staff of the 
Forage Division of the Dominion Experimental Sta- 
tion at Swift Current, Saskatchewan. Plant collec- 
tions made during the study were placed in the 
herbarium at that station and uncertain identifiea- 
tions were checked by the curator, Mr. A. C. Budd. 
Some duplicate specimens were sent to Dr. H. A. 
Senn for identification. 

The study was facilitated by the efforts of the 
Committee of the National Research Council on Eeol- 
ogy of Grasslands of North America. The Saskateh- 
ewan subcommittee was successful in obtaining con- 
trol of four areas which were permanently set aside 


for grassland research in 1941. These areas vary 


from about 560 to 1,920 aeres in extent and are dis- 
tributed throughout the southern part of the province. 
These are known, in order from south to north, 
as the Consul, Cadillac, Webb and Matador Research 
Areas, respectively (Fig. 1). They have been fenced 
through the cooperation of the Prairie Farm Re- 
habilitation Act and will remain as study areas. These 
areas are situated within the boundaries of the mixed 
prairie and some of the data collected from them 
are included in this paper. 

The following acknowledgments are gratefully 
made: to Dr. J. E. Weaver for helpful guidance and 
inspiration which resulted in the final outline of the 
study and for numerous suggestions during the final 
revision of the manuscript; to Dr. E. W. Tisdale for 
constant aid and advice during the early stages of 
the field work; to Mr. L. B. Thomson and Mr. H. 
Hargrave for permission to use data collected by 
the writer while in the employ of the Dominion De- 
partment of Agriculture. The writer is also indebted 
to Mr. A. C. Budd, Mr. W. A. Hubbard and Mr. M. 
Kilcher for faithful assistance in the field work. 
Appreciation is expressed to Dean V. E. Graham 
of the University of Saskatchewan for the opportu- 
nity to prepare the manuscript while the writer was 
in the employ of that institution. Mr. J. B. Camp- 
bell, Dr. J. Mitchell and Dr. E, W. Tisdale have sup- 
plied certain photographs. 


REVIEW OF LITERATURE 


Despite its importance and vast extent relatively 
few researches of an ecological nature have been made 
in typical mixed prairie. Most of the studies which 
have been made have been in the central and south- 
ern Great Plains. Bruner (1931) deseribed the south- 
ward extension of mixed prairie through Oklahoma 
and its relation to true prairie and short-grass plains. 
Shantz (1911) discussed the short-grass plains of 
eastern Colorado. The detailed structure of several 
types of mixed-prairie grassland, the reasons for their 
distribution, the interrelation of plants both above 
and below ground, and the intensity of the edaphic 
and aerial environmental factors have been studied 
in north-central Kansas (Albertson 1937, 1938, 1939, 
1941). Weaver and Bruner (1948) have studied the 
mixed prairie in central Nebraska. Ecological 
studies in the northern Great Plains are few. Sarvis 
(1920) discussed the vegetation at one station in 
North Dakota. Hanson and Whitman (1938) de- 
scribed nine major grassland types of mixed prairie 
in an unglaciated section of western North Dakota. 
Wright and Wright (1948) studied the grassland 


vegetation of south-central Montana which lies in the 
tension zoue between the Palouse grassland and the 
They classified the vegetation of the 


mixed prairie. 
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ten sites examined into five types, two of which are 
typical of mixed prairie. The mixed prairie of 
southern Saskatchewan and Alberta has been de- 
scribed in reports of pasture investigations (Clarke 
1930, Clarke & Tisdale 1936, Clarke et al. 1942, 
1943). The natural vegetation east of the Rocky 
Mountains to the 98th meridian from Canada to 
Texas has been discussed by Shantz (1923). 

Pool (1914) and Tolstead (1942) studied the vege- 
tation of the sandhills of Nebraska. Ramaley (1939) 
reported on the vegetation of the sandhills of north- 
eastern Colorado and compared it with the sandhill 
flora of Nebraska. 

The gradual replacement of the true prairie by 
mixed prairie over an area 100 to 150 miles in width 
in central Kansas, eastern Nebraska and eastern South 
Dakota has been described by Weaver (1943). 

Great changes in mixed prairie as a result of long 
periods of drought have been recorded by Savage 
(1937), Ellison and Woolfolk (1937), Weaver and 
Albertson (1936, 1939, 1940, 1940a, 1943, 1944), 
Albertson and Weaver (1942), and Clarke et al. 
(1943). The reduction of ungrazed mixed prairie to 
short grass in north-central Kansas as a result of 
drought and dust has been recorded by Albertson and 
Weaver (1946). 

The effects of grazing on mixed-prairie vegetation 
were studied by several writers (Shepperd 1919, 1939, 
Sarvis 1923, 1941, Hanson et al. 1931, Black et al. 
1937, Clarke et al. 1942, 1943, Albertson & Weaver 
1944, Weaver & Bruner 1948). 

The root development of mixed-prairie species was 
studied by Weaver (1919, 1920), Albertson (1937), 
Tolstead (1942), Weaver and Albertson (1943, 1944), 
and Weaver and Bruner (1948). The amount of 
underground plant materials in mixed prairie was in- 
vestigated by Shively and Weaver (1939). Various 
other phases of autecology of the important species 
of mixed prairie have been recorded (Albertson 1937, 
Mueller 1941, Whitman & Stevens 1941, Tolstead 
1942, Weaver & Mueller 1942, Weaver 1942, Weaver 
& Albertson 1943, 1944, Clarke et al. 1943). 

A comprehensive comparison of environmental fac- 
tors and growth of vegetation in true prairie, mixed 
prairie, and short-grass plains disclimax was made 
by Weaver (1924) and Clements and Weaver (1924). 

Numerous papers (Clements 1916, 1934, 1936, 1938, 
Clements & Chaney 1936) elucidate many of the prob- 
lems of the grassland. Hanson and Vorhies (1938) 
discussed the need for research on grasslands. Eeol- 
ogy of the grassland has been reviewed by Hanson 
(1938). 


DISTRIBUTION OF GRASSLANDS IN CANADA 


The main area of grassland in Canada extends from 
the foothills of the Rocky Mountains eastward along 
the International Boundary for a distance of about 
750 miles, to a point just east of the Red River in 
Manitoba. This grassland region extends northward 
from the International Boundary to the aspen “park- 
land” ecotone which borders the southern edge of the 
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boreal forest. The most northern extremity of this 
great grassland area is reached in the vicinity of the 
Saskatchewan-Alberta boundary, where its width 
from north to south is about 275 miles. An additional 
area of grassland is located west of the Rocky Moun- 
tains in the intermountain region of British Colum- 
bia. The latter is associated with the Palouse grass- 
land (Tisdale 1947). 

The large area of grassland occurring east of the 
Rocky Mountains in Canada consists of three grass- 
land associations. The mixed-prairie region, with 
which this study is concerned, extends from the base 
of the foothills of the Rocky Mountains along the 
International Boundary to the vicinity of the Sas- 
katchewan-Manitoba boundary. The area forms a 
triangle from this broad base to an apex located along 
the Saskatchewan-Alberta boundary (Fig. 1). The 
true prairie (Bird 1927, Weaver & Fitzpatrick 1934) 
lies to the east of the mixed prairie, while the sub- 
montane prairie or fescue grassland (Clements et 
al. 1939, Clarke et al. 1942, Moss 1944, Moss & Camp- 
bell 1947) lies along the west and north, being asso- 
ciated to some extent with the aspen parkland (Bird 
1930, Moss 1932). A small area of the fescue grass- 
land occurs within the margins of the mixed prairie 
because of the environmental changes associated with 
higher elevations in the Cypress Hills of southwestern 
Saskatchewan and southeastern Alberta. 


TOPOGRAPHY AND DRAINAGE 


Southern Saskatchewan and Alberta form part of 
the Great Plains physiographic region. In Canada 
this region comprises the areas of prairie and forest 
of Manitoba, Saskatchewan and Alberta which lie 
between the Laurentian Shield on the east and north 
and the mountainous Cordilleran region on the west. 
Mitchell et al. (1944) diseuss the topography and 
drainage of this region. 

The Great Plains region slopes chiefly to the 
east. The elevation ranges from about 4,000 feet 
in western Alberta to about 800 feet in the Manitoba 
lowland. The surface is undulating to rolling and is ' 
broken by a number of valleys, escarpments, plateaus 
and isolated hills. The vast area is separated into 
three divisions by two eastward-facing escarpments. 
The first of these is the Manitoba escarpment which 
includes a series of hills rising 500 to 1,000 feet or 
more above the lower plains of Manitoba. The area 
to the east of this escarpment is known as the first 
The southern part of the first 
prairie steppe is occupied by true prairie (Bird 1927, 
Weaver & Fitzpatrick 1934), interspersed in many 
places with aspen groves. 

The southern section of the Great Plains west of 
the Manitoba escarpment is sometimes referred to as 
the Alberta upland. This area is divided into two 
parts by the second escarpment, the Missouri coteau, 
which is a less prominent physiographie feature than 
the Manitoba escarpment. The coteau marks the 


“prairie steppe.” 


boundary between the second and third prairie 
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Fig. 1. Outline map of southern Saskatchewan and southeastern Alberta, showing the relationship between the 
extent of the mixed prairie association and the soil zones (1, brown soils, 2, dark-brown soils, and 3, black and 
gray wooded soils). The heavy broken lines mark the boundaries between soil zones. The light broken line marks 
the approximate zone of tension between mixed prairie on the south and the fescue grassland on the north. Dots 
indicate the locations of sites studied. The enclosed square areas indicate the locations of Grassland Research 
Areas (small squares) and the Dominion Range Experiment Station at Manyberries (large square). (After Wyatt 
et al. 1938-43, Mitchell et al. 1944, Moss & Campbell 1947.) 





steppes, within which the mixed-prairie vegetation is 
located. 

East of the coteau the topography is principally 
undulating to gently rolling. The elevations range 
from 1,050 to 2,000 feet above sea level. Isolated 
hills ranging from 2,200 to 2,500 feet above sea level 
occur. The beds of ancient glacial lakes are repre- 
sented by several plains. The valleys of the Qu’Ap- 
pelle, Souris, Assiniboine and Swan Rivers in places 
lie several hundred feet below the general level. 
Several large areas of sand occur along the North 
and South Saskatchewan Rivers. 

West of the Missouri coteau the elevation of the 
land is greater than to the east. There is, too, : 


greater proportion of rough, rolling topography. In 
Saskatchewan the elevations range from 2,000 to 
4,000 feet, the average being about 2,200 feet. The 


elevations in Alberta are higher. The Cypress Hills 
and Wood Mountain in southwestern Saskatchewan 
average about 3,000 feet in height above sea level. 
Several points in the Cypress Hills exceed 4,000 feet, 
this being the highest elevation in Saskatchewan. 
The Cypress Hills reach an elevation of 4,700 feet 
in southeastern Alberta. The Cypress and Wood 
Mountain uplands represent remnants of old plateaus, 
which through erosion are now dissected by numerous 


deep valleys and coulees. The important physical 


features of the third steppe are the rough lands of 
the coteau, the deep valleys of the Saskatchewan and 
Frenchman Rivers and Eaglehill Creek, the several 
glacial drainage channels, the badlands of the Milk 
River, and a number of glacial lake beds. Large 
areas of dune sands occur in the Great Sand Hills 
and smaller deposits oceur elsewhere. 

Exterior drainage is mostly to the north and east 
into Hudson Bay through the South and North 
Saskatchewan Rivers and their tributaries. How- 
ever, the southern slopes of the Cypress Hills, the 
Wood Mountain and Missouri coteau, and the slopes 
of the Sweet Grass Hills, are drained by the French- 
man and Milk Rivers and numerous smaller streams, 
the waters of which eventually flow into the Gulf of 
Mexico (Fig. 1). 

The only large rivers flowing through the area are 
the North and South Saskatchewan, and most of 
their water comes from the mountains. Many of the 
local tributaries are non-perennial streams. Very little 
of the precipitation that falls within the area is lost 
through exterior drainage. 

Many of the larger valleys are dry stream beds or 
are occupied by small streams. These valleys ap- 


parently were caused by waters from the great con- 
tinental glacier which once covered the area. 
Local drainage conditions vary greatly. 


The nearly 
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level to undulating land has the most satisfactory 
drainage. Much of the strongly rolling and hilly land 
is excessively drained due to loss of precipitation 
through runoff. Low-lying flats and depressions are 
characterized by varying degrees of restricted drain- 
age. When depressions receive runoff water from 
adjacent uplands the soil often contains excessive 
amounts of soluble salts. Alkali sloughs are there- 
fore common throughout the prairie area (Mitchell 
et al. 1944). 


GEOLOGY AND SOILS 

The surface geological deposits and soil parent ma- 
terials are chiefly of glacial origin. Areas oceur, 
chiefly in the south, where the glacial deposits have 
eroded away exposing the underlying preglacial sedi- 
ments. However, by far the larger part of the terri- 
tory is covered by glacial and postglacial deposits. 
The surface geology of the area has been deseribed in 
reports of soil surveys (Wyatt et al. 1938-1943, Mitch- 
ell et al. 1944). 

Boulder clay deposits are most extensive, oceur- 
ring not only as large beds on the surface but also 
underlying other deposits. These are associated with 
soils of medium texture, the frequent presence of 
glacial stones and boulders, and undulating to strongly 
rolling topography. The topography is characterized 
by pronounced “wavy” relief; even on the undulating 
phases the local relief is usually sufficient to produce 
a succession of low knolls, long, smooth intermediate 
slopes and shallow, undrained depressions. On the 
rolling phases this type of relief is accentuated, 
forming the knob and kettle topography typical of 
morainie deposits (Fig. 2). 

Where thin deposits of boulder clay oceur over 
bedrock, the parent materials and soils are influenced 
by the nature of the underlying geological formations. 
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These are chiefly marine shales of Cretaceous age. 
These shales may influence the overlying soil by pro- 
viding clay as part of the parent material and salts 
which may accumulate in the soil. The associated 
alkali-solonetzie soils are characterized by poor strue- 
ture and impervious subsoil and, in some cases, by 
shallow eroded pits or “burn-outs.” 

Other types of surface deposit are less extensive. 
Glacio-fluvial deposits oceur as gravelly outwash on 
smooth, nearly level plains, as eroded glacial till de- 
posits along glacial stream channels, and as kames. 
Lacustrine deposits occur throughout, some covering 
much area. The associated topography is level to un- 
dulating and the soil is clayey or silty in texture and 
free from stones (Fig. 3). Where the deposit is thin 
the topography may be slightly more rolling and a few 
stones may occur. Aeolian deposits are represented 
by sand dunes (Fig, 4). Reeent alluvial, meadow 
and pond deposits, organic deposits, and aceumula- 
tions from recent wind and water erosion are found on 
flat to depressed topography. The associated soils 
are in various stages of development. Modified resid- 
ual and residual deposits occur chiefly in the Cypress 
Hills and Wood Mountain (Mitchell et al. 1944). 

Brown and dark-brown soils support mixed-prairie 
vegetation in this area (Fig. 1). The brown soil 
‘ange in surface color from light brown to grayish- 
brown, The A: horizon is relatively thin in most soil 
types, and the average amount of organi¢ matter is 
lower than that of the other grassland soils. Within 
the brown soil zone a number of local zones oceur. 
These are on the higher elevations in the Cypress 
Hills, Wood Mountain, Sweet Grass Hills and por- 
tions of the coteau. The higher moisture efficiency of 
these areas is responsible for the development of local 
soils typical of other zones. In the Cypress Hills 
a sequence of miniature zones follows in vertical sue- 





Fic. 2. Medium-textured soils developed on rolling undifferentiated glacial till deposits in the moister part of 
the brown soil zone. The Stipa-Bouteloua faciation occurs on the intermediate slopes. The tops of knolls are 
oceupied by the Bouteloua-Stipa faciation, while the lower slopes support the Stipa-Agropyron community. Mesic 
vegetation occurs in the saucer-like depression in the background. 
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3. An 
lacustrine origin in the moister part of the brown soil 


Fic. undulating area of heavy clay soil of 
The vegetation represents the Agropyron-Koeleria 
faciation. Note the uniformity of the community and 
the absence of shrubs. The photograph was taken from 
a glacial knoll. The Bouteloua-Stipa type on the knoll 
may be seen in the foreground. Matador Research Area, 
1941. 


zone. 


cession including brown, dark-brown, black and gray 
soils. Dark-brown soils occur on the Cypress Plateau 
south and of Swift Current. 
brown and dark-brown soils are found on other ele- 


west Mixed areas of 
vations. The dark-brown soils vary in surface color 
from medium to dark brown and the average amount 
of organie matter is 50 percent higher than that of 
the brown soils. The section of the dark-brown zone 
bordering the black soils consists of mixed dark-brown 
and shallow black soils. 
willow are characteristic of these mixed zonal soils, 
The 
zone of calcium carbonate accumulation generally oc- 
curs within 18 inches of the surface throughout the 
brown and dark-brown soil area (Mitchell et al. 1944). 

Specific types of soil formation within the grass- 


Loeal groves of aspen and 


indieating an increase in water content of soil. 


land region are represented by the upland columnar- 
cloddy, alkali-solonetzie and high-lime groups of soils 
(Mitchell et al. 1944). 
represents soils occurring on the well-drained uplands. 
The hard columnar soils of this group reveal the 
dominant type of profile throughout the mixed-prairie 
area. 


The columnar-cloddy group 


Cloddy-granular structured profiles are associ- 
The alkali- 
solonetzic group have profiles which exhibit varying 
degrees of impeded drainage. 
areas of the brown and dark-brown soil zones, 


ated with grassland soils of heavy texture. 


These occupy large 
Soils 


of the high-lime group are not common in the mixed 
prairie but are found in the fescue grassland where 
black soils prevail. 





Fig. 4. Sand dunes near the boundary between the 
brown and dark-brown soil zones. Note the abundance 
cf shrubs, Rosa spp. in the foreground and Prunus 
mclanocarpa in the right background. 
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The content of total nitrogen in the brown soils 
varies from 0.14 to 0.24 percent, the lower amount 
being associated with the alkali-solonetzie soils and 
the higher one with heavy clay soils of lacustrine 
origin. The coarse- to medium-textured soils have 
nitrogen contents between these extremes. The nitro- 
gen content of the dark-brown soils varies from 0.17 
to 0.40 percent (Mitchell et al. 1944). Organie mat- 
ter varics from 4.62 to 6.17 percent on medium- to 
fine-textured soils to a depth of four inches (Doughty 
et al. 1943). Loeal variations in soil moisture caused 
by topographic position are reflected in differences in 
density and composition of native grassland. These 
differences are in turn reflected in amounts of soil 
nitrogen and organie matter (Mitchell et al. 1944). 


ENVIRONMENT 


The climate of the region is dependent upon the 
location in the interior of the continent, the removal 
from the modifying influence of large bodies of water, 
the position in mid-northern latitudes, and the pres- 
ence of the Rocky Mountains, which act as a barrier 
to moisture-laden winds. The seasonal weather is de- 
termined largely by the relative frequencies of in- 
vasion of polar continental air from the region be- 
tween Alaska and Hudson Bay, polar marine air from 
the northern part of the Pacifie Ocean, and tropical 
marine air generally from the Gulf of Mexico and 
subtropical latitudes of the Atlantie Ocean (Currie 
1948). The climate is representative of north tem- 
perate continental regions and may be classed as a 
cool, semiarid type. It is characterized by great ex- 
tremes in temperature between summer and winter 
seasons and by comparatively low annual precipita- 
tion. 

The factors of precipitation, temperature, humidity, 
sunshine, wind and evaporation vary considerably in 
different areas. Together with topography and ele- 
vation, they determine local climatie conditions. Defi- 
nite information on all these factors is not available, 
since meteorological data for the area are incomplete 
and inelude few long-time records. However, the 
available data, together with observations on the 
vegetation, soils, and adaptation of crops, permit 
some definite conclusions regarding climatie variations 
within the general area. These climatie variations are 
important because they exert an influence upon the 
development of both vegetation and soils. Relatively 
low precipitation, high summer temperatures, and 
warm, dry winds frequently make soil moisture the 
limiting factor for plant growth. 

Clarke et al. (1943) concluded that temperature in 
early spring and available soil moisture during the 
remainder of the growing season are of direct im- 
portance in seasonal plant growth in southeastern 
Alberta. They found a fairly close relationship 
between soil and air temperatures and the date of re- 
sumption of growth for the different species. It was 
aseertained that cool-season grasses began growth 
when the soil temperature at a depth of 6 inches 
averaged 42°F. Mean daily air temperature at this 





278 Rosert T. CoupLanp 


time averaged 40° F. Bouteloua gracilis, however, 
did not begin to grow until the soil temperature at a 
depth of 6 inches averaged 52° F., which condition 
was usually reached about a month later, They ob- 
served a fairly close association between rising soil 
temperature and increased rate of growth for the 
early species from the time growth began until the 
end of April. After this they noted little apparent 
relationship between soil temperatures end rate of 
growth, and available soil moisture became the most 
important factor. During most years temperatures 
remained suitable for growth until some time in 
October, but due to the lack of soil moisture little 
active growth of the major species occurred after the 
end of July. Some autumnal growth oceurred in 
years with heavy rainfall in September, but on the 
whole plant activity at this season was very limited. 

The weather data from two stations for the period 
during which the present study was made are com- 
pared in Table 1 with the long-time means at the 
same stations. This comparison indicates that aver- 
age weather conditions during the period of study 
were about the same as the average for the preceding 
18 to 25 years. 


PRECIPITATION AND Sort MoIsture 


The mean annual precipitation is below 18 inches 
in all parts of the area. Lowest precipitation occurs 
in the extreme southwestern part of Saskatchewan 
and southeastern Alberta where the annual mean is 


TABLE 1. Comparison of average weather data at 
Swift Current and Manyberries during the period of 
study with the long-time averages at the same stations.1 





Swirt CURRENT MANYBERRIES 








Environmental 
factor 1922-47 | 1941-47 | 1929-47 | 1941-47 
Precipitation (inches) 
0 eee 13.43 13.75 11.13 11.34 
April to July....... y pe! 6.68 5.78 6.26 


August to October..| 3.66 4.28 2.54 2.72 
Temperature (°F.) 
Mean annual...... 38.5 38.9 ne 40.7 
Mean, April to July.| 54.3 54.3 55.9 55.8 


Sunshine (hours per 


ay) 
pS eee 5.85 5.80 6.20 6.11 
April to July....... 7.91 1.88 8.49 8.23 


Evaporation (inches) 
May to September .| 29.12 | 22.80 | 31.39 | 28.54 














Retest amine frost... ..) ..605- | veces May 18; May 16 
First autumnal frost ..| ...... | ..... Sept. 21} Sept. 21 
First killing frost... .. | Sept. 16) Sept. 21) Sept. 22) Sept. 23 
Frost-free days....... 108? 113 | 126 128 
PROORE WP. gcncss ces | See. BD VR Beet oo ewe P ee. 





1All data obtained from stations of the Dominion Department of Agriculture. 
21923-47, 


3Date at which the surface of the soil no longer thaws during the warmest 
part of the day. 
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slightly above 11 inches. From that area the preeip- 
itation increases to the west, north and east but does 
not exceed 14 inches in any part of the brown soil 
zone. The mean annual precipitation in the dark- 
brown soil zone varies from 13 to 17 inches. 

Distribution of the precipitation is uncertain. Wide 
variations occur in the amount of precipitation from 
year to year, extremes of 7.64 and 25.28 inches hay- 
ing been recorded at one station in successive years 
(Clarke et al. 1942). The long-time means at differ- 
ent stations show that between 48 and 55 percent of 
the annual precipitation has occurred during the 
growing season (April to July), but that in different 
years from 14 to 80 percent has occurred during this 
period. The mean precipitation recorded from Au- 
gust to October varies within the area from 23 to 31 
percent of the total. The average amount oceurr‘nz 
during the effective period (growing season and 
previous fall) varies at different stations from 72 to 
82 percent. June is the month of the highest mean 
precipitation at all stations within the area. 

Rainfall frequency and efficiency of precipitation 
at Swift Current were studied by Doughty et al. 
(1943) during the effective season (April to Oecto- 
ber) from 1922 to 1942. The data show that pre- 
cipitation of 0.01 inch or more occurred on 31.8 per- 
cent of the 4,494 days studied. However, showers of 
0.3 inch or less were considered of little value in in 
creasing the moisture supply of the soil. Preeipi- 
tation of this amount or less was recorded on 84.8 
pereent of the days during which precipitation oc- 
curred. Effective precipitation oceurred on only 4.8 
perecnt of the days from April to October inclusive. 
Heavy showers of short duration are frequent. When 
these are in excess of 0.75 inch some loss by runoff 
may result. 

Most of the precipitation from November to Mareh 
is in the form of snow. The effect of snow in in- 
creasing the moisture content of undisturbed prairie 
soils has not been studied. Snow is also frequent 
during April and October when the ground is not 
frozen, and this is considered to be effective in add 
ing to soil moisture (Clarke et al. 1943). 

Clarke et al. (1943) studied the supply of available 
soil moisture in grassland so‘ls at Manyberries from 
1934 to 1939. Soil moisture was usually exhausted 
in sandy loam soil by July 15 and in elay loam soil 
by the end of July. 


TEMPERATURE 


The mean annual temperature of this Canadian 
grassland is highest in southern Alberta, reaching 437 
F. at one station. It decreases northward and east- 
ward to about 34° F. in parts of the dark-brown soil 
zone adjacent to the black soils. The mean during 
April to July ranges from about 59° F. in southern 
Alberta to 51° F. at Seott in west-central Saskatche- 
wan. The mean during the coldest month (January) 
varies from about 17° F. in southern Alberta to about 
0° F. in the dark-brown soil zone to the north and 
east. The mean during the warmest month (July) 
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varies from 69° F. in southern Alberta to as low as 
61° F. in the northern parts of the area. 

Wide variations in temperature frequently oecur 
between day and night and from day to day in all 
Summer temperatures above 100° F. and 
winter temperatures below -50° F. have been recorded 
at several stations. The mean annual difference he- 
tween the daily maximum and minimum temperatures 
is 22.5° F. at Swift Current. This mean difference 
is least from November to March, being 18° F., and 
is greatest during July and August, when it averages 
28” F’. 

Low temperatures during the winter cause the 
surface soil to remain frozen for four or five months 
or even longer. The growing season is relatively 
short and warm to hot. The average length of the 
frost-free period ranges from 130 days in south- 
eastern Alberta to 105 days in northern parts of the 
area. 

Clarke et al. (1943) recorded soil temperatures at 
Manyberries from 1934 to 1939, The temperature at 
a depth of 6 inches in sandy loam soil averaged 40° F. 
at the beginning of April. It rose steadily to an 
average of 77° F. by the middle of July; thereafter 
there was a gradual decline. 


seasons. 


SUNSHINE 

Clear weather is common. The average annual 
daily period of bright sunshine ranges from 5.9 to 
6.2 hours per day throughout the area. The most 
sunshine occurs during July when various station: 
have recorded long-time means of 9.6 to 10.7 hours 
per day. During December these values range from 
2.5 to 3.0 hours per day. The April to July averages 
range from 7.8 to 8.7 hours per day. 


WIND 

The prevailing winds are westerly, the Chinook 
winds from the southwest and the eolder northwest 
winds being most typical. The Chinooks are warm 
winds of low relative humidity, and therefore have 
great drying power. During the winter they have 
a distinct moderating effect on climate, removing the 
snow and thus permitting grazing. They oceasionallv 
‘aise the temperature from sub-zero to above the 
freezing point in a few hours. During the summer 
months these winds may be quite destructive to vege- 
tation, especially during prolonged dry periods. Their 
velocity and frequeney are greatest near the moun- 
tains; their effect is seldom felt in the eastern an1 
northern parts of the area. 

The wind velocity is quite high throughout the 
Canadian mixed prairie. Data obtained at different 
stations are not comparable because of var‘at’on in 
the height above the soil surface at which the meas- 
urements were made. The mean daily wind 
ment recorded at Swift Current is 178.3 miles. This 
Was measured at a height of 5 feet. The windiest 
months are April and May; months with least win? 
are July and August. Gales (winds greater than 31 
miles per hour) are frequent, an average of 25 to 30 
being recorded at Manyberries annually. 


move- 
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EVAPORATION 
The evaporation from a free water surface is great- 
est in southern Alberta; the average at one station 
was 33 inches from the first of May to the end of 
September. Evaporation decreases eastward and 
northward, being 29 inches at Swift Current and 27 
at Saskatoon. 


METHODS AND PROCEDURE 

There is need for more analyses in detail of sepa- 
rate stands of grasslands, such as those made by 
Weaver and Fitzpatrick (1934) in eastern Nebraska 
and portions of five adjacent states, by Hanson and 
Whitman (1938) in western North Dakota, and by 
Savage (1937) in the central and southern Great 
Plains. The larger the number of stands investi- 
gated in studies of this nature, the more satisfactory 
will be the resulting classification (Hanson 1938). 

The classification of mixed-prairie communities set 
forth is, in addition to a general survey, the result 
of detailed studies in numerous carefully selected 
sites. Most intensive ecological studies were made 
in the four Grassland Research Areas. These studies 
permitted an understanding of certain ecological re- 
lationships which was not possible from an extensive 
study alone. Detailed studies of the vegetation were 
made within each site by the point-transect method 
and by list quadrats. By the point-transect method, 
both basal area and percentage composition of the 
vegetation were ascertained. List quadrats were used 
to ascertain the relative abundance of subdominant 
species. 

The point-transect method (Clarke et al. 1942) is 
a modification of the “point-quadrat method” used 
by Levy and Madden (1933) in New Zealand. This 
method involves the use of a wooden frame one 
meter long with ten metal pins inserted vertically 
at one-decimeter intervals (Fig. 5). The frame is 
dropped at regular intervals of 10 to 25 paces in 
transects across the area being sampled. Each con- 
tact of a point at the soil surface with the stem of a 
turf grass or forb or the crown of a bunch grass is 
recorded. Since the influence of shrubs on the habi- 
tat is considered to be more important than is indi- 
cated by their basal areas, contacts of the pins of the 
sampling apparatus with the branches and foliage 
of these species were recorded and not those made 
at the surface of the soil. 





Fig. 5. Apparatus used to detremine the composition 
of the vegetative cover by the the point-transect method. 
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The basal area is determined by calculating the 
average number of times contacts are made with 
plant species in one-hundred projections of the 
points. For example, if 126 contacts were made with 
the bases of grasses at the soil surface in 1,000 pro- 
jections of the points, the basal area or basal cover 
of species of grasses was considered to be 12.6 per- 
cent. The basal area of each of the principal species 
was ascertained by this means. Enough samples are 
taken to reduce the standard error of total basal 
areas ascertained from transects of 200 points to 
within about 5 percent of the mean. The number of 
samples required to effect this accuracy increases 
with variability of the area and decrease in total 
basal area. The number of projections used in this 
study varied from 1,000 to 4,000 per site. 

The percentage composition of the vegetation in 
each site was also calculated from the point-sampling 
data. The total basal area, whether large or small, 
was considered as unity or 100 percent, and the per- 
centage of this which was furnished by any species 
was considered as the percentage composition of that 
species. For example, if the basal area of the species 
was 4.0 percent in a site where the total vegetation 
furnished a basal area of 10.0 percent, the portion 
of the total vegetation composed by this species was 
40 percent. 

The point-transect method has been used in west- 
ern Canada since 1940 to ascertain basal cover over 
large areas of grassland for the purpose of esti- 
mating grazing capacity (Clarke et al. 1942) and is 
now being used by the writer in studies of succession 
in conjunction with temporary and permanent list 
quadrats. 

Hanson (1934) compared the point method with 
different types of quadrats and concluded that valu- 
able supplementary information is furnished by the 
use of this method since large areas may be quickly 
sampled. He recommended its use along with 
permanent quadrats. Ellison (1942) compared the 
area-list method, the pantograph-chart method and 
the point-quadrat method in short-grass vegetation 
in Colorado. He found that basal areas by the list 
method were remarkably close to those by the point 
method, and that the point method gave more con- 
sistent results and had a higher efficiency in vegeta- 
tion of high density. He observed that the point 
method has the advantage that its efficiency can be 
increased by increasing the number of projections. 

Since the flora of an area is the result of long- 
continued natural selection as well as of factors 
operating at the present time, all species of a com- 
munity, dominants as well as subdominants, must be 
considered (Hanson 1938). Meter quadrats were 
listed during the present study to obtain a measure 
of the relative abundance of forbs, shrubs and minor 
grasses. This was necessary because the small basal 
area of these species resulted in their poor repre- 
sentation in the data obtained by the point method. 
The point-sampling data gives no information on the 
grouping of species into societies and families. Such 


information about subdominant species may be im- 
portant in characterizing differences in structure 
within a grassland type. Twenty-five quadrats were 
listed in each of 50 sites, and the number of plants 
or rooted shoots of each subdominant species was 
ascertained. The dispersion of each species through- 
out the site was expressed by the frequency index, 
a value determined by calculating the percentage of 
quadrats in which each species occurs. These data, 
together with mcasurements of the stature of plants 
obtained in the studies of autecology, permitted an 
estimate of the relative abundance and importance 
of each species in each site. This usually corre- 
sponded with the relative abundance as estimated in 
the field. 

During the period 1941 to 1948 approximately 150 
sites were selected for study in the brown soil zone 
in Saskatchewan and Alberta and in parts of the 
dark-brown soil zone in Saskatchewan. At the time 
of selection notes were taken on the general com- 
position of the vegetation in each site, topographic 
fcatures, exposure, soil texture and depth, and pres- 
ence or absence of stones. In some places photo- 
graphs were taken. Notes were also made regarding 
the stage of succession of the vegetation and of the 
agricultural status of the land. A species list was 
prepared and an estimate was made of the relative 
importance of each species. In general, only those 
sites were selected in which the vegetation appeared 
to be in the climax or near-climax stage and where 
little disturbance was observed due to grazing, culti- 
vation or proximity of cultivated land. Many of the 
sites were located in winter pastures or on other land 
to which animals did not have access every summer, 
such as grasslands adjacent to unfenced crops. In 
some places lightly grazed pastures were studied, 
when these showed little or no evidence of modifica- 
tion due to grazing. The areas studied varied in ex- 
tent from about 80 acres to several square miles. In 
all sites a relatively uniform area of from 50 to 100 
acres was sampled. Where the topography was rough 
enough to cause appreciable differences in drainage 
throughout the site, only the well-drained habitats of 
intermediate slopes were sampled. Definite locations 
were marked for phenological and autecological 
studies. No attempt was made to sample postelimax 
and preclimax vegetation, as general notes were con- 
sidered to suffice in this preliminary study. 

Because of difficulties of transportation associated 
with the war years, it was not possible to study all 
the selected areas intensively. However, 92 of the 
sites have been sampled to ascertain their vegetative 
composition and eight of these have been visited at 
frequent intervals to study the autecology and phe- 
nology of the principal species. 

On the basis of the data obtained from sampling 
by the point method the sites were divided into sev- 
eral groups according to the percentage composition 
of the total vegetation contributed by the dominant 
species. By this means it was possible to differentiate 
six distinct upland communities of mixed prairie. 
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The data obtained from list quadrats permitted a de- 
termination of the importance of subdominants in 
each of these grassland types.! 

Observation during several traverses of the mixed 
prairie permitted a study of the distribution of the 
grassland communities on various soil types. This 
was much more difficult in the dark-brown soil zone 
than in drier areas because the soils are of greater 
value for cultivation. This made the location of un- 
disturbed areas more difficult. However, the dark- 
brown soil zone was traversed twice in southwestern 
Alberta and numerous times in Saskatchewan. Dur- 
ing 1948 much time was spent in comparing the 
vegetation of the dark-brown soil zone with that 
of the brown soil zone in which most of the sampling 
The zone of transition between forest and 
grassland was traversed at several places in an effort 
to ascertain the location of the northern boundary 
of mixed prairie. 


was done. 


The vegetation of a few overgrazed areas was 
studied in order to ascertain the nature of the dis- 
climax in several grassland types and to study the 
reaction of each species to grazing. The vegetation 
in several abandoned fields was also examined. 

Detailed studies of phenology and autecology were 
conducted in located in Research 
Areas. These four permanent study areas were 
mapped and marked by permanent location posts in 
1941. The types of vegetation were mapped in each 
area and certain of these were sampled. Fences were 
constructed along the outer boundary of each area. 
Exclosures of several acres in extent were also con- 
structed. Permanent study sites were chosen within 
the exclosures, and clip quadrats were cstablished. 
Soil moisture samples and notes on plant develop- 
ment were taken at these stations at intervals through- 
out seven growing seasons. Data were obtained con- 
cerning the date of beginning of growth, and the date 
and height at the time inflorescences were formed, 
when flowering began and the time of seed maturity. 
The heights of the leaves and culms of grasses were 
measured. Seed production of the more important 
species was also noted. Enough grazing was per- 
mitted to simulate that which had occurred in the 
past by grazing animals of the biome. 


sites Grassland 


During 1947 certain studies of roots were begun. 
These entailed obtaining information on the amount 
of underground plant materials by the method of 
Shively and Weaver (1939). One-half of a square- 
meter of sod was removed to a depth of 8 inches, the 
surface 4-inch layer being separated from the deeper 
one. The soil was washed from the plant materials 
over a series of screens, the finest of which had 12 
meshes per inch. 

Yield of aboveground parts was determined as a 
measure of environment. Clipping sites were estab- 
lished in several grassland types for this purpose. 

SD . 

1 The term type is used for brevity and in the same sense as 
community. It indicates no special ranking. The unit of 
vegetation which each type or community represents is indi- 
cated where it is described 
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The clipped areas were each one square meter in size 
and were located in groups of four. Generally two 
or three replicates were established at each clipping 
site. The vegetation was clipped late in August or 
early in September after all growth had ceased. 
Little damage was considered to have been caused 
by this late clipping. The clipping height was 1.5 
to 2 inches. A border 0.5 meter in width was clipped 
around the group of plots to reduce border effect 
due to drifting snow or differences in vigor between 
plants in clipped and unclipped areas. 
Nomenclature used with respect to the Gramineae 
is according to Hitchcock (1935). Most of the 
naines of other species are according to Rydberg 
(1932). However, in several instances where the 
name used by this author is not widely accepted, the 
nomenclature of Budd (1949) has been followed. 


MAJOR GRASSLAND COMMUNITIES 


According to Ashby (1935, 1948) and Clapham 
(1936) there is no valid method available for using 
statistics in the classification of vegetation, although 
quantitative methods may be used to study the distri- 
bution of individual species. Ashby believes that 
classification of plant communities depends on sub- 
jective criteria. Hanson (1938) states that methods of 
estimation have an important place when large areas 
of land must be surveyed but cannot compare with 
actual measurements for detailed research. 

During the present study selection of sites was 
based on subjective methods. At the time of selee- 
tion many sites were chosen as being typical of cer- 
tain general types or major communities. Quanti- 
tative methods were subsequently used to measure 
the composition of the vegetation. On the basis of 
these data it was possible to distinguish certain major 
types which were not previously recognized. Other 
types which appeared to be different because of the 
abundance of conspicuous subdominants have been 
grouped in one major type because of the similarity 
of the composition of dominants. The quantitative 
data on basal area have permitted the comparison of 
widely scattered sites studied at different times. The 
data are also useful in comparison of different types. 
Since selection of sites was not at random, no attempt 
has been made to show significant differences in com- 
position between communities. 

In classifying the vegetation into types, emphasis 
has been placed on the ratio of the basal cover of 
the dominant species. The dominant or controlling 
specics of a climax community, according to Weaver. 
all belong to the same life form. This is the highest 
life form possible under the prevailing climate. In 
prairie they are grasses and sedges. Dominant spe- 
cies have many or all of the following characteristics : 
great abundance, large size (height or volume) com- 
pared with other components of the community, and 
long life-span, which permits permanency of oceupa- 
tion. They are vigorous and hence good competitors 


since they are best adapted to the particular (edaphic 
The ratio of basal cover of one 


and aerial) climate. 
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dominant in relation to another has been shown to be 
practically unaffected in this area by fluctuations in 
weather (Clarke et al. 1943). Total basal area was 
considered a poor measure of comparison because of 
the fluctuations which have been recorded due to 
changing weather conditions (Clarke et al. 1943). 
The distribution of subdominants used as a 
means of differentiating subtypes within certain major 
communities. 

Analysis of the data obtained from sampling the 
plant cover by the point method indicates that the 
mixed prairie sites fall into six well-defined types. 
Five of these are considered to be fully developed 
and the other is in a subclimax condition as a resu't 
of erosion. 

Within the area as a whole, variations in water 
content of soil caused by differences in climate are 
revealed in the nature of the vegetation. Each celi- 
max grassland type is associated with certain con- 
ditions of soil moisture as affected by soil and topog- 
raphy. The influence of soil texture and topography 
on the moisture supply within any one locality is re- 
flected in the composition of the vegetation. 

Since approximately 40 percent of the area is oc- 
eupied by soils of medium texture, developed on un- 
differentiated glacial till deposits, the types of vege- 
tation characteristic of these areas are discussed first 
and in greatest detail. Subsequently, the types of 
vegetation on soils developed on differentiated glacial 
deposits are considered. The latter include coarse- 
to medium-textured soils on glacial outwash and fine- 
textured soils of lacustrine origin. Where preglacial 
sediments have modified the soil, the nature of the 
vegetation is profoundly affected by this change in 
substratum and is characterized by a type of grass- 
land which does not occur in areas of deeper glacial 
deposits. 

The Stipa-Bouteloua, Bouteloua-Stipa and Stipa- 
Agropyron communities are characteristic where de- 
velopment of vegetation is complete on deep glacial 
deposits. Where erosion has occurred the Agropyron- 
Muhlenbergia facies is prominent. The Bouteloua- 
Stipa community is also characteristic on coarse- 
textured soils in the drier districts. The Agropyron- 
Koeleria type has developed on clay soils, while 
clay loam solonetzie soils support the Bouteloua- 
Agropyron faciation. 


was 


Stipa-BouTELovA FAcIATION 


By far the largest proportion of the mixed-prairie 
area in Canada is occupied by the Stipa-Bouteloua 
faciation. This is the characteristic climax type of 
vegetation occurring on medium-textured soils de- 
veloped upon undifferentiated glacial till deposits 
in the moister part of the brown soil zone and the 
drier part of the dark-brown soil zone. This type 
also occurs to a limited extent on soils of undulating 
topography developed on glacial outwash. It is dis- 
tributed widely throughout the area. South of the 


Cypress Hills ridge, however, it is limited to local 
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areas where the depth of the glacial deposits overly- 
ing preglacial sediments is considerable. 

This community is preclimax to the Stipa-Agropy- 
ron type and postclimax to the Bouteloua-Stipa faci- 
ation. Where the land is hilly in the moist part of 
the brown soil zone, the development of the Stipa- 
Bouteloua type is typically confined to intermediate 
slopes. Here the knolls and upper slopes are usually 
occupied by the Bouteloua-Stipa faciation and the 
lower slopes by the Stipa-Agropyron faciation. In 
undulating areas most of the vegetation consists of the 
Stipa-Bouteloua type. 

The location of the Stipa-Bouteloua faciation on 
the slope varies also with climatie conditions within 
the area. In the drier part of the brown soil zone 
the community occurs only on the lower part of the 
slope, being bounded on the upper slope by the 
Bouteloua-Stipa type and on its lower side by the 
postclimax vegetation of the depressions. In the 
moister part of the dark-brown soil zone the Stipa- 
Bouteloua community occupies the upper slopes and 
even the tops of the knolls. In these locations the 
Stipa-Agropyron type occupies the lower and mid 
slopes below the Stipa-Bouteloua faciation. 

The general appearance of the vegetation in the 
Stipa-Bouteloua type varies from year to year. 
When moisture is not searce the mid grasses are 
conspicuous. Under less favorable conditions the 
culms of the mid grasses are short or absent and 
the short-grass life form becomes more prominent. 
Due to the poor growth of mid grasses, societies of 
forbs are then conspicuous, sometimes affecting the 
color of the landseape (Figs. 2 and 6). 





Fig. 6. The 


View of the Stipa-Bouteloua faciation. 
brown loam soil has developed on rolling undifferentiated 


glacial till deposits. Stipa comata is more abundant 
than S. spartea var. curtiseta. 


Three layers of vegetation oceur. The upper layer 
extends to a height of from 6 to 20 inches. It con- 
sists of culms and leaves of mid grasses and flower- 
ing stems of many forbs. Some forbs exceed the grass 
culms in height. The second layer is composed of 
Bouteloua gracilis, Carex eleocharis and some of the 
shorter forbs. These extend from 1 to 5 inches above 
the soil surface. The principal forbs of this layer 
are Phlox hoodii and Malvastrum coccineum, The 
third layer consists of a clubmoss, Selaginella densa, 
which oceupies more than 7 percent of the soil sur- 
face in this type. This plant does not extend more 
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than an inch above the soil surface. Since the ceo- 
logical relationships of this spee‘es are not understood 
and its influence on the habitat and other vegetation 
is thought to be small, the area occupied by Selaigin- 
ella is not included in the analyses of the vegetation. 

Shrubs are not abundant in this community but 
are located in areas where variations in topography 
or soil texture afford local increases in depth of 
moisture penetration (Fig. 7). In 


such situations 


Symphoricarpos occidentalis, Rosa spp. and Elaeag- 
Plants 
with woody bases, such as Artemisia frigida an] 
Gutierrezia diversifolia, are abundant, but, because 
of their smaller stature and because they die back to 
the surface of the soil each year, these are included 
with the forbs in analysis of the data. 


nus commutata are the most common species. 





Fig. 7. Note the 


abundance of 
Symphoricarpos occidentalis in sheltered positions on the 


A V-shaped coulee. 


slopes. The grassland is of the Stipa-Bouteloua type. 
The light-colored shrub in the foreground is Elaeagnus 
commutata, 


The vegetation was sampled by the point method on 
43 sites throughout this type. Sites were chosen 
which were most favorable from the topographic 
standpoint and where erosion had therefore appar- 
ently not been effective in altering the vegetation. 
Where the land was rolling only the intermediate 
slopes were sampled. The average basal cover and 
percentage composition of each of the principal 
species and groups of species are presented in Table 
2. 

The percentage of the soil surface occupied by all 
species, exclusive of Selaginella densa, averages 12.85. 
The grasses and sedges make up 87.5 percent of this 
cover, and the forbs 11.9 percent. Shrubs are not 
abundant, the area of the crowns 
composing less than 1 percent of the vegetation. 

Three species of grasses, two of Stipa and Boute- 
loua gracilis, and one sedge, Carex eleocharis, econtrib- 
ute more than two-thirds of the total basal area. Be- 
cause of its small stature and especially its short 
period of growth, the sedge is not considered to be a 
dominant despite the large percentage of the basal 


cross-sectional 


Ecouocy oF Mrxep Prairie In CANADA 


283 


TABLE 2. Percentage of basal cover and percentage 
composition of the total basal cover (considered as unity 
or 100) furnished by each of the principal species and 
groups of species (exclusive of Selaginella densa) in the 
Stipa-Bouteloua faciation. Data from sampling of 43 
sites by the point-transect method. 





Percentage | Percentage 

Species basal cover | composition 
ies ae var. curtisetas’ °° * : 3.89 2.2 
Bouteloua gracilis.............. | 3.18 | 24.7 
iene ).....| om | a 
rr | 0.97 | 7.5 
a | 1.70 | 13.2 
Carex futfolta............. 0.19 1.5 
Other grasses and sedges...... | 0.38 | 3.0 
Total grasses and sedges... .. | 11.26 | 87.5 
Artemisia frigida............. | 0.92 | 7.2 
Phlox hoodii.................. | 0.49 | 3.8 
IE TOUS ooo isk eiscw e's beeen | 0.11 0.9 
ee eee eee | 0.08 | 0.6 
Total forbs and shrubs.......| 1.60 | 18.5 

Total vegetation........... 


12.86 | 100.0 


cover which it furnishes. 
interstitial species. 


It is here considered as an 
Stipa comata, S. spartea var. 
curtiseta and Bouteloua gracilis were the dominant 
species in all sites, and on the average composed 54.9 
percent of the basal area occupied by spermatophytes. 

Agropyron dasystachyum, A. smithii and Koeleria 
cristata are the principal species of grasses associ- 
ated with the dominants. Together they make up 
14.9 percent of the basal area. The two principal 
sedges contribute 14.7 percent of this cover. In 
addition to these, the following secondary species of 
grasses and sedges occurred in the sampling sites: 
Poa secunda, P. cusickii, P. canbyi, Calamagrostis 
montanensis, Muhlenbergia cuspidata, M. squarrosa, 
Stipa viridula, Avena hookeri, Festuca scabrella, Ca- 
rex obtusata and C. heliophila, Each of these 11 spe- 
cies comprises less than 1 percent of the basal area, 
and together they furnish 3.0 percent of the cover. 

Analysis of the number of contacts of the metal 
pins with forbs and shrubs obtained in point sampling 
shows that Artemisia frigida and Phlox hoodii make 
up 57.8 and 30.7 pereent, respectively, of the non- 
grassy cover. The next two forbs of importance, as 
shown by the data on basal area, are Malvastrum coc- 
Pulsatilla These oceupy 
1.9 and 1.0 percent, respectively, of the combined 
area of forbs and shrubs. 


cineum and ludoviciana. 


Rosa spp. and Symphori- 


carpos occidentalis, the two most abundant shrubs, 
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make up 2 .6 and 1.0 percent of this area, respectively. 
The remaining 5 percent is occupied by numerous 
other forbs and shrubs. 

The point-sampling data have been grouped aceord- 
ing to soil texture within each of the two slightly 
different climatic areas in which the sampled sites are 
situated (Table 3). Swift Current is centrally lo- 
cated in the area of distribution of the type in Sas- 
katchewan, while the Chaplin area represents a 
slightly more moist phase of the faciation, being 
located near the transition between the brown and 
dark-brown soil zones about 60 miles east of Swift 
Current. 


TABLE 3. Analysis of point-sampling data from 43 
sites in the Stipa-Bouteloua faciation, showing the per- 
centage of the total basal cover provided by the most 
important species (exclusive of Selaginella densa). The 
data are grouped according to the soil texture of sites in 
the Swift Current and Chaplin districts. 


























Swirt CurRENT CHAPLIN 
Species =f LL. | “eS ie a: 
Clay | Light | Clay | Light} 
foam |Loam|loam | Ave. | loam {loam loam | Ave. 
pee en eee eS AE SE Sa ENE ace! Meee’ eee 
Stipa comata........ seve s [NEB 8.3 |23.7 |22.2 | 8.0 117.2 21.3 | 15.7 
Stipa spartea var. curtiseta....|12.7 |11.8 | 5.7 | 7.6 |15.3 |20.5 | 9.6 | 15.7 
| | 
Bouteloua gracilis... .... .-. [20.3 24.5 (07.4 26.1 |23.9 {17.5 |20.6 | 20.3 
| | 
Agropyron dasystachyum.....| 8.7 | 5.6 ..| 5.5 |10.9 | 8.3 | 2.6 7.2 
Agropyron smithii........... 1.4 | 1.5 | 0.6) t:6 |) FO) 06 |...:- 1.1 
| | 
Koeleria cristata...... .-++-| 6.9 | 8.1 | 2.9 | 6.6 [10.2 /12.6 | 8.5 | 10.6 
GIR 6 cosccnescuss 5.2 | 1.0] 0.7 | 1.7 | 0.7 | 0.30.2) 0.4 
Carez eleocharis............. 7.8/3.1 |17.7 |13.3 |15.3 |13.4 | 9.7 | 12.8 
Carex filifolia....... e552 3 e| CO) OS [Reel BF 1 Ut PSO ee) Ss 
| | 
Other grasses and sedges. . 2.6 | 1.5 | 0.5 | 1.4 | 3.9 | 0.9 | 2.0] 2.2 
| | 
Total grasses and sedges. .|92.5 |86.2 187.2 |91.3 po 79.1 88.5 
| 
| | 
Artemisia frigida........... | §.3 | 8.2 | 8.0 | 7.6 | 3.9 | 3.1 |12.1 6.0 
Piles heodii....... 2.005 ie | 4.3 | 4.5 | 3.8 | 2.9 2.7 | 6.3 3.9 
stags batules oe | 1.0] 0.7 | 1.0 | 0.8 | 0.8 | 0.6 | 0.6} 0.7 
enn sore] 01] 0.6/0.9) 0.6 1.1].....) 1.9] 0.9 
| | | 
Total forbs and shrubs. . 7.5 l13 8 {14.4 [12.8 | 8.7 | 6.4 120.9 | 11.5 
| | | 
Basal cover (percentage). ./12.6 |12.8 |12.5 |12.7 |14.6 |12.8 |12.9 | 13.4 
| | | | 
No. of sites studied ;}6 |19 | 8 ee. 4 | 3 








The total basal area occupied by the vegetation and 
the percentage of the vegetation consisting of grasses, 
sedges, forbs and shrubs is similar in the two districts. 
However, some differences occur between sites on soils 
of different texture within each district. Differences 
also oceur between the areas in the relative impor- 
tance of certain species. 

The percentage of the basal area contributed by 
grasses and sedges tends to be greater on the loams 
and clay loams than on coarser-textured so:ls. Shrubs 
and forbs tend to be more abundant on the lighter 
soils. 


The relationship of certain species of grasses 
to differences in soil texture and climate within the 
Stipa-Bouteloua type is significant. The relative 
abundance of Stipa comata compared with S. spartea 
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var. curtiseta is greatest in the drier area (Swift 
Current) and on the drier soils of coarser texture 
within each area. Field observations indicated that 
the relative abundance of Stipa comata compared 
with S. spartea var. curtiseta inereases also on the 
upper part of slopes and results in the frequent ab- 
sence of the latter species from the Bouteloua-Stipa 
type on dry knolls. Lower on the slope and in the 
moister parts of the dark-brown soil zone the taller 
species is relatively more abundant. 

The percentage of basal area furnished by Boute- 
loua gracilis is comparatively constant throughout 
this type but tends to increase wherever conditions 
are less favorable for the growth of mid grasses. 
The greater amount of runoff associated with the 
finer-textured soils on rolling topography results in 
shallower penetration of moisture and a consequent 
increase in the importance of Bouteloua on soils of 
clay loam texture. 

Agropyron dasystachyum tends to be more favored 
than A. smithii by the moister habitat associated with 
heavier soils on less rolling topography and under 
more favorable climatic conditions. Koeleria cristata 
increases in abundance under these conditions also. 

The occurrence of secondary species of grasses is 
generally associated with minor variation in the habi- 
tat. Muhlenbergia cuspidata and Carex filifolia oe- 
cur where erosion has removed part of the A horizon 
of the soil. Poa secunda is most abundant on coarse- 
textured soils in the drier part of the area. Festuca 
scabrella, Avena hookeri, Stipa viridula, Carex ob- 
tusata, C. heliophila and Muhlenbergia squarrosu 
are assoc’ated with sheltered slopes or other loea- 
tions where growing conditions are more favorable 
than average. 

The abundance of forbs and shrubs was studied on 
22 of the sites which were sampled. This was done 
by the use of list quadrats. The data obtained from 
listing in 13 sites in the Swift Current area and nine 
sites in the Chaplin area are presented in Table 4. 
These data show that 23 species of forbs and one 
shrub are sufficiently abundant to occur in an average 
of 1 pereent or more of the quadrats throughout the 
faciation. In addition, certa'n species are abundant 
in only one of the general areas studied. 

In addition to Artemisia frigida and Phlox hoodi, 
which were shown to be the principal forbs with 
respect to basal area, several others are abundant 
throughout the type. These include Malvastrum coc- 
cineum, Pulsatilla ludoviciana, Solidago glaberrima, 
S. dumetorum, Gutierrezia diversifolia and Sideran- 
thus spinulosus. Rosa is the most abundant shrub 
throughout the community. 

Certain species of forbs and shrubs tend to be 
more abundant in one area than in the other. Those 
which tend to be more abundant under the drier con- 
ditions of the Swift Current area include Malvastrum 
coccineum, Solidago dumetorum, Psoralea argophylla, 
Lygodesmia juncea, Androsace puberulenta, Artemisia 
cana, Gaura coccinea and Glycyrrhiza lepidota. Those 
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TaBLeE 4. Abundance and distribution of principal 
and secondary species of forbs and shrubs occurring in 
the Stipa-Bouteloua faciation. Data from two districts 
in the faciation are compared. Data are from 25 count- 
list quadrats in each of 13 sites in the Swift Current 
district and nine sites in the Chaplin district. 





CHAPLIN 


Plants | Fre- 

















Species | Plants!) Fre- 
per 25 |quency | per 25 | quency 
sq. m. | index? | sq. m. | index 
ea nee eee. | oe ee ee See 
Artemisia frigida.........| 236 85 | 240 94 
Phlox hoodtt.. . 2.2... 050. 155+ 32 | 182 | 50 
Malvastrum coccineum.....| 73+ a | 3 19 
Pulsatilla ludoviciana..... . 12 15 | 38 34 
Solidago glaberrima....... 14+ 6 | 43 20 
| | 
Gutierrezia diversifolia..... 6 9 31 | @® 
Sideranthus spinulosus... . 4 9 | 5 | 10 
a rn 8 5 | 18 13 
Solidago dumetorum....... 11 5 | 6 4 
Chrysopsis villosa......... i 1 5 | 7 
Psoralea argophylla. . 1 4 | 1 2 
Artemisia gnaphalodes | 3 1 | 21 4 
Artemisia pabularis {°° ° ; ye 
Astragalus flexruosus....... 1 1 | 3 7 
Lygodesmia juncea........ 4 a ee: 1 
| 
Liatris punctata.......... T 1 | 2 4 
Astragalus pectinatus. T 1 1 2 
Antennaria microphylla... . 1 1 | 2 2 
Thermopsis rhombifolia. .. . 1 1 | 1 3 
Potentilla spp............ 3 6 6 12 
Achillea lanulosa... . . 1 | 2 2 
Erigeron glabellus......... YY 1 EF | 2 
Petalostemon purpureus.... ¥ 1 | I | 2 
Sieversia ciliata........... e : | rt 
Androsace puberulenta..... 35 = } « | =- 
} 
Artemisia cana........... 1 2 - | - 
Gaura coccinea........... i! 2 - es 
Glycyrrhiza lepidota....... 1 1 - _~ 
Symphoricar pos occidentalis | = — _ 2 2 
Aster GVICOMER. 5. 5 os | _ —- | 2 | 7 
| | | 
Comandra pallida...... | | = 2 | 2 
Senecio purshianus........) — | 9 — | 1 
Elaeagnus commutata......| — | — 1 1 
| | 
| 


! The number of plants or rooted shoots. 
2 Percentage of the quadrats in which each species occurred. 

t Plus some societies in which the small plants were too numerous to count. 
T The number of plants averaged less than 1 per 25 square meters. 


tending to be more abundant under the more favor- 
able climatic conditions of the Chaplin district include 
Pulsatilla ludoviciana, Solidago glaberrima, Gutier- 
rezia diversifolia, Rosa spp., Chrysopsis villosa, Ar- 
temisia gnaphalodes, A. pabularis, Astragalus flex- 
uosus, Liatris punctata, Potentilla spp., Achillea lanu- 
losa, Erigeron glabellus, Petalostemon purpureus, 
Sieversia ciliata, Symphoricarpos occidentalis, Aster 
ericoides, Comandra pallida, Senecio purshianus and 
Elaeagnus commutata. Usually the relative abun- 
dance of a species in these slightly different climates 
corresponds with increase of species of the first group 
in the drier part of the brown soil zone and with 
increase of those of the second group in the dark- 
brown soil zone. 
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The dominant, principal and secondary species 
which compose the Stipa-Bouteloua faciation are ar- 
ranged below in groups in the approximate order of 
their abundance. The principal grasses and sedges 
are those making up 1 percent or more of the total 
basal cover. The secondary grasses and sedges are 
those which occur in the sampling data but each of 
these makes up less than 1 pereent of the basal cover. 
The principal forbs and shrubs are those which 
oceur in 5 percent or more of the quadrats listed, 
while the secondary forbs and shrubs are less abun- 
dant but oceur in 1 percent or more of the quadrats. 


Dominant grasses and sedges 


Stipa comata Trin. and Rupr. 
Stipa spartea Trin. var. curtiseta Hitche. 
Bouteloua gracilis (H.B.K.) Lag. 


Principal grasses and sedges 


Agropyron dasystachyum (Hook.) Scribn. 
Agropyron smithit Rydb. 

Koeleria cristata (L.) Pers. 

Carex eleocharis Bailey 

Carex filifolia Nutt. 


Secondary grasses and sedges 


Muhlenbergia cuspidata (Torr.) Rydb. 

Calamagrostis montanensis Seribn. 

Poa secunda Presl 

Poa canbyi (Seribn.) Piper 

Poa cusickii Vasey 

Festuca scabrella Torr. 

Avena hookeri Seribn. 

Stipa viridula Trin. 

Carex obtusata Lilj. 

Carex heliophila Mack. 

Muhlenbergia squarrosa (Trin.) Rydb. 
Principal forbs and shrubs 

Artemisia frigida Willd. 

Phlox hoodii Richards. 

Selaginella densa Rydb. 

Malvastrum coccineum (Pursh) A. Gray 

Pulsatilla ludoviciana (Nutt.) Heller 

Solidago glaberrima Martens 

Gutierrezia diversifolia Greene 

Sideranthus spinulosus (Pursh) Sweet 

Rosa spp. 

Solidago dumetorum Lunell 

Androsace puberulenta Rydb. 


Secondary forbs and shrubs 


Chrysopsis villosa (Pursh) Nutt. 
Psoralea argophylla Pursh 

Artemisia gnaphcledes Nutt. 
Artemisia pabularis (A. Nels.) Rydb. 
Astragalus fleruosus Doug). 
Lygodesmia juncea (Pursh) D. Don 
Liatris punctata Hook. 

Astragalus pectinatus (Hook.) Dougl. 
Antennaria microphylla Rydb. 
Thermopsis rhombifolia (Nutt.) Richards. 
Potentilla bipinnatifida Doug]. 
Potentilla viridescens Rydb. 

Potentilla argyrea Rvdb 





Achillea tanulosa Nutt. 

Erigeron glabellus Nutt. 

Petalostemon purpureus (Vent.) Rydb. 
Sieversia ciliata (Pursh) G. Don 

Aster ericoides L. 

Vicia sparsifolia Nutt. 


The dominant, principal and secondary species 
listed include 15 grasses, four sedges, 28 forbs, one 
shrub and one clubmoss. In addition, 40 species of 
forbs, three shrubs and two half-shrubs oceur less 
frequently but are considered characteristic of the 
type. These are listed below in alphabetical order. 
since their occurrence in the sampling data was not 
sufficient to permit an estimate of their relative fre- 
quencies. 


Agoseris spp. 

Allium textile Nels. and Macbr. 

Arabis drummondii A. Gray 

Arabis hirsuta (L.) Seop. var. pyenocarpa (Hop- 
kins) Rollins 

Arabis holboellii Hornem. var. retrofracta (Grah.) 
Rollins 

Artemisia cana Pursh 

Aster exiguus (Fern.) Rydb. 

Aster laevis L. 

Astragalus bisuleatus (Hook.) A. Gray 

Astragalus striatus Nutt. 

Astragalus succulentus Richards. 

Atriplex nuttallii S. Wats. 

Chamaerhodos nuttallii Pickering 

Cheirinia aspera (Nutt.) Rydb. 

Cheirinia inconspicua (S. Wats.) Rvdb. 

Chenopodium leptophyllum Nutt. 

Comandra pallida A. DC. 

Cryptantha fendleri (A. Gray) Greene 

Draba nemorosa L. 

Elaeagnus commutata Bernh 

Erigeron caespitosys Nutt. 

Eriogonum flavum Nutt. 

Eurotia lanata (Pursh) Moq 

Galium boreale L. 

Gaura coccinea Nutt. 

Gaura glabra Lehm. 

Glycyrrhiza lepidota Nutt. 

Hymenoxys richardsonii (Hook.) Cockerell 

Lepachys columnifera (Nutt.) Rydh. 

Leptilon canadense (L.) Britt. 

Linum lewisii Pursh 

Lithospermum linearifolium Goldie 

Lomatium villosum Raf. 

Mamillaria vivipara (Nutt.) Haw 

Opuntia fragilis (Nutt.) Haw. 

Orobanche fasciculata Nutt. 

Orthocarpus luteus Nutt. 

Pentstemon albidus Nutt. 

Pentstemon gracilis Nutt. 

Pentstemon procerus Doug]. 

Potentilla camporum Rydb. 

Potentilla concinna Richards. 

Potentilla hippiana Lehm. 

Senecio purshianus Nutt. 

Symphoricarpos occidentalis Hook. 


The 94 species listed are characteristic of the Stipa- 
Bouteloua faciation. They do not include species of 


. CoUPLAND 
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the lowlands and dry knolls within the boundaries of 
sites in which relief is pronounced. 


BovuTEeLovua-StTIPA FACIATION 


The Bouteloua-Stipa community is the character- 
istie type of vegetation occurring on soils of medium 
texture developed on undifferentiated glacial till de- 
posits in the drier part of the brown soil zone, where 
conditions are less favorable for the growth of mid 
grasses. It is also characteristic on soils of coarser 
texture developed on undulating, sandy, glacial lake 
and alluvial deposits and glacial outwash in the 
brown soil zone. The type is prominent on sandy 
loam solonetzie soils in the drier part of the brown 
soil zone. The upper slopes and tops of knolls in 
the moister part of the brown soil zone are often 
occupied by this community as preclimax to the Stipa- 
Bouteloua type. It is limited in distribution on dark- 
brown soils. 

The landseape of the Bouteloua-Stipa faciation 1s 
characterized by the dominance of the short grass, 
Bouteloua gracilis, interspersed with several mid 
grasses, the most abundant of which is Stipa comata. 
Because of its comparatively greater stature, the lat- 
ter species is considered to be codominant even though 
it oeceupies only about one-third as much area as 
that occupied by the shorter species. Forbs and 
shrubs are abundant. The most consp‘cuous broad- 
leaved plant is Artemisia cana. This species is 
sufficiently abundant on soils of coarse texture to 
suggest that it be considered as a codominant. How- 
ever, it is not of the grass life form. In addition, the 
density of the grass cover is similar in parts of this 
type, where A. cana is abundant, to that in areas of 
medium-textured soils where it is much less frequent. 
The height of this species frequently varies from 1 
to 2 feet, but the majority of the plants are smaller. 
The most abundant forbs are Artemisia frigida? and 
Phlox hoodii, as in the Stipa-Bouteloua type. The 
relative abundance of many forbs is different from 
that in the preceding community because of the in- 
creased drainage associated with the sandv soils and 
the drier climatic conditions with which the loam 
soils supporting this type are associated. 

The abundance of Bouteloua gracilis and short 
sedges and the restricted growth of mid grasses in 
this faciation has resulted in its classification by 
other workers as parts of a short-grass community 
(Clarke 1930, Clarke & Tisdale 1936, Clarke et al. 
1942, 1943). However, the compositicn of the typ» 
is not that of a short-grass community. The m‘d 
grasses make up almost 25 percent of the vegetat*on 
in terms of basal area and produce a cons‘derably 
larger portion of the forage yield. The mid grasses 
have a very important influence on the hab‘tat. an! 
the most important species is codominant with Boute- 
loua gracilis. Under overgrazing this type turns into 
a short-grass disclimax comparable in general appear- 


24. frigida is a half-shrub which, in Canada, dies back s¢ 
close to the soil each winter that it may well be treated as a 
herbaceous perennial 
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ance with that deseribed farther south in the mixed 
prairie (Shantz 1911) but conspicuously different in 
composition because of the absence of Buchloe dacty- 
loides. 

similar to that 
of the Stipa-Boutcloua faeiation except for the de- 
creased height of the upper layer and the increased 
relative importance of the second laver (Fig. 8). The 
lower laver consists of Selaginella densa, which covers 


The laver'‘ng of this community is 


more than 9 pereent of the soil surface in this type. 





Fig. 8. Detail of the Bouteloua-Stipa faciation show- 
ing the characteristic dense clumps of Bouteloua gracilis. 
The soil is a brown loamy sand developed on undulating 
glacial outwash. The ruler is 12 inches long. 


The inerease in abundance of 


fourth layer where societies of 


shrubs results in 2 


these oceur. 

The vegetation in this community was sampled by 
the point-transect method in 25 distributed 
throughout the area from Chaplin (60 miles east of 
Swift Current) to Manyberries (175 miles southwest 
of Swift Current), The results of this sampling 
are summarized in Table 5. The data indieate that 
the total basal cover (14.69 pereent) is greater than 
that in the preceding type (12.86 percent). 


sites 


The two dominant grasses oceupy 68.1 percent of 
the total The principal grasses and 
sedges associated with the dominants are Hoeleria 


basal cover. 


cristata, Agropyron dasystachyum, A. smithii, Stipa 
Spartea var. curtiseta, Carex eleocharis and C. fili- 
folia. Each of these makes up more than 1 percent 
of the cover. Together they contribute 15.4 percent 
of the total basal Other grasses and sedges 
which occur in sufficient abundance to appear in the 
sampling data, but each of which composes less than 


area, 


1 percent of the cover, include, in approximate order 
of their abundance, Poa 
montanensis, Calamovilfa 


secunda, Calamagrostis 


longifolia, Muhlenbergia 


squarrosa, M. cuspidata, Sporobolus cryptandrus, 
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TABLE 5. Pereentage of basal cover and percentage 
composition of the total basal cover (considered as 
unity) provided by each of the principal species and 
groups of species (exclusive of Selaginella densa) in the 
Boutelova-Stipa faciation. Data from sampling of 25 
sites by the point-transect method. 





Percentage Percentage 
Species basal cover | composition 
Bouteloua gracilis........ 7.58 51.6 
SRO COMME. 5.4.6..0:0.00:0 re 2.43 16.5 
Koeleria cristata.............. 0.438 2.9 
aa dasystachyum tt 0.40 9.2 
Agropyron smithii 
Stipa spartea var. curtisela..... 0.16 aa 
Carex eleocharis...... ....... 1.03 7.0 
rae 0.23 6 
Other grasses and sedges...... .| 0.15 1.0 
Total grasses and sedges...... 12.41 84.5 
Mvteniard Pigds ... . 6 ceceas 0.97 6.5 
ee , ere 0.23 
Other forbs. ........: edhe hes 0.14 
pt 0.82 | 5.6 
RNR SUEIOING 5.5. sh.ging atengeone a2 0.12 8 
Total forbs and shrubs....... 2.28 15.5 
Total vegetation............ 14.69 100.0 


other Poa spp. and Carex heliophila. 
provide 1 percent of the basal cover. 

The sedges and forbs are less abundant in this 
type than in the Stipa-Bouteloua faciation. Shrubs, 
however, are more abundant, making up 6.4 percent 
of the basal cover. 


Together these 


Artemisia frigida is of approxi- 
Phlox 
hoodii, although it remains the forb of second im- 
portance, does not occupy as much area here as it 
does in the preceding type. 


mately equal abundance in the two types. 


These two species com- 
pose 41.6 and 10.2 percent, respectively, of the com- 
bined basal cover of forbs and shrubs. Artemisia 
cana, the most abundant shrub, makes up 36.0 percent 
of this combined area and almost 90 percent of the 
shrub cover. 

Analysis of the data shows that certain of the 
principal species are more abundant in some parts 
of the faciation than in others. Stipa spartea var. 
curtiseta is more abundant in the moister parts of the 
type (Chaplin and Swift Current districts) and is 
absent from the drier parts (Maple Creek and Many- 
longifolia and 
cryptandrus are abundant where pockets of sand 


berries). Calamovilfa Sporobolus 


oceur within areas of coarse-textured soil found in 
parts of this type. Artemisia cana is of small stature 
and is relatively less abundant in the moister parts 
of the community. 

Quadrats were listed in 20 sites in this faciation 
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The data are summarized in Table 11. They indicate 
that several forbs are more abundant in this type 
than in the Stipa-Bouteloua community. Among 
these are Cheirinia spp., Chenopodium leptophyllum, 
Chrysopsis villosa, Comandra pallida, Gaura coccinea, 
Opuntia fragilis, Psoralea lanceolata and Thermopsis 
rhombifolia. Species which are less abundant in this 
type include Androsace puberulenta, Aster ericoides, 
Astragalus flecuosus , Liatris punctata, Lygodesmia 
juncea, Potentilla spp., Pulsatilla ludoviciana and 
Solidago glaberrima. Among the shrubs, Eurotia la- 
nata is more abundant and Rosa spp. are less akun- 
dant than in the preceding community. 

The dominant, principal and secondary species 
making up the Bouteloua-Stipa faciation are ar- 
ranged in groups in the approximate order of their 
abundance. 


Dominant grasses 


Bouteloua gracilis (H. B. K.) Lag. 
Stipa comata Trin. and Rupr. 


Principal grasses and sedges 


Koeleria cristata (L.) Pers. 

Agropyron dasystachyum (Hook.) Seribn. 
Agropyron smithii Rydb. 

Carex eleocharis Bailey 

Carex filifolia Nutt. 

Stipa spartea Trin. var. curtiseta Hitche. 


Secondary grasses and sedges 


Poa secunda Presl 

Calamagrostis montanensis Seribn. 
Calamovilfa longifolia (Hook.) Seribn. 
Muhlenbergia squarrosa (Trin.) Rydb. 
Muhtenbergia cuspidata (Torr.) Rydb. 
Sporobolus cryptandrus (Torr.) A. Gray 
Poa spp. 

Carex heliophila Mack. 


Principal forbs and shrubs 


Artemisia frigida Willd. 

Artemisia cana Pursh 

Phlox hoodii Richards. 

Selaginella densa Rydb. 

Malvastrum coccineum (Pursh) A. Gray 
Gutierrezia diversifolia Greene 
Comandra pallida A. DC. 

Psoralea lanceolata Pursh 

Chrysopsis viilosa (Pursh) Nutt. 
Solidago dumetorum Lunell 

Sideranthus spinulosus (Pursh) Sweet 
Rosa spp. 

Thermopsis rhombifolia (Nutt.) Richards. 
Chenopodium leptophyllum Nutt. 
Opuntia fragilis (Nutt.) Haw. 


Secondary forbs and shrubs 


Solidago glaberrima Martens 
Symphoricarpos occidentalis Hook. 
Eurotia lanata (Pursh) Mog. 

Gaura coccinea Nutt. 

Pulsatilla ludoviciana (Nutt.) Heller 
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Potentilla spp. 

Androsace puberulenta Rydb. 
Artemisia gnaphalodes Nutt. 
Psoralea argophylla Pursh 
Mamillaria vivipara (Nutt.) Haw. 
Cheirinia spp. 

Lithospermum linearifolium Goldie 
Astragalus pectinatus (Hook.) Dougl. 
Cryptantha fendleri (A. Gray) Greene 
Elaeagnus commutata Bernh. 
Astragalus flexuosus Dougl. 

Achillea lanulosa Nutt. 

Atriplex nuttallii S. Wats. 
Lygodesmia juncea (Pursh) D. Don 


Thirty-four minor species were recorded in species 
lists in several of the sites. These are in addition to 
the 13 grasses, three sedges, 27 forbs, four shrubs, two 
half-shrubs and one elubmoss listed above. <A total 
of 84 species were found to be characteristic of this 
type. The number would not be so large if the com- 
munity were not located on so great a diversity of 
soils. 

The internal drainage of the sandy soils oceurring 
in parts of this community is excessive. This con- 
dition favors many of the deeper-rooted subdomi- 
nants, particularly Artemisia cana, This species ap- 
pears to be an indicator of excessive drainage in this 
area. The low available supply of soil moisture makes 
competition of mid grasses with the short grass more 
difficult. The rainfall is absorbed rapidly by the 
shallow-rooted short grass, and that which percolates 
deeper is not sufficient in amount for a good growth 
of mid grasses. The deeper-rooted forbs and shrubs 
survive because they reach reserves of moisture ac- 
cumulated in the subsoil during periods of abundant 
rainfall and because of drought resistance. They 
are, therefore, more frequent in sites where the soil 
is sandy. On loam soils in the drier part of the 
brown soil zone the deeper-rooted plants have a 
smaller comparative advantage in competition with 
the mat of Bouteloua gracilis. 


Strpa-AGROPYRON FACIATION 


The Stipa-Agropyron faciation is characteristic of 
areas of undulating to gently rolling soils of medium 
texture in the dark-brown soil zone. Occasionally 
this community also occurs on relatively level loam 
soils in the moister part of the brown soil zone. 
Throughout the dark-brown and the moister part of 
the brown soil zones it oceurs in areas of rolling to- 
pography as a postclimax community to the Stipa- 
Bouteloua type. Where the land is hilly it occupies 
only the sheltered and lower slopes below the Stipa- 
Bouteloua faciation in the brown soil zone, while in 
the dark-brown soil zone it oceurs on the lower and 
intermediate slopes and the Stipa-Bouteloua type oc- 
curs on the tops of the knolls. On rolling, dark- 
brown soils adjacent to the black soil zone the lower 
contact of this type is with species of the fescue 
grassland (Moss & Campbell 1947) which become 
dominant on the lower slopes and margins of sloughs 
(Fig. 9). 
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The 


of tension between mixed prairie and parkland. 
upland is occupied by the Stipa-Agropyron faciation, al- 
though the Stipa-Bouteloua type is characteristic on the 


knolls. The low areas are occupied by aspen groves 
which are bordered by remnants of the fescue grassland. 
The upland soil is dark brown; the lowland soil is black 
and degraded black. September 16, 1948. Saskatoon. 


The general appearance of this type is more luxu- 
riant than that of the two preceding communities 
(Fig. 10). The mid-grass layer is more conspicuous 
and obscures the layer of Bouteloua and short sedges 
(Figs. 11 and 12). The inerease in abundance of the 


more robust species of Stipa, S. spartea var. curtiseta, 
and of the two species of Agropyron reduces the rela- 
tive influence of the shorter species on the habitat. 
However, the latter are of sufficient importance to 
justify the classification of this type as a 
prairie community. 


mixed- 





Fic. 10. View of the Stipa-Agropyron faciation on a 
relatively level plateau in the eastern extremity of the 
Cypress Hills ridge south of Swift Current. The prin- 
cipal dominants are Stipa spartea var. curtiseta and 
Agropyron dasystachyum. 


The Stipa-Agropyron type was not studied in as 
great detail as were the preceding communities. This 
resulted from the difficulty of locating undisturbed 
areas under this more favorable climate, and because 
of the greater distance from headquarters. Only 
four sites were sampled. These are located on rela- 
tively level brown soils adjacent to the dark-brown 
soil zone. They do not necessarily represent condi- 
tions prevailing where the type occurs in the dark- 
brown soil zone or as a postclimax community to the 
Stipa-Bouteloua faciation in areas of rougher topog- 


raphy in drier districts. The four sites sampled are 
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Fig. 11. 
Casystachyum dominating a portion of the Stipa-Agro- 
pyron faciation on gently rolling topography in the dark- 

Note the vigor of the plants of Ar- 
August 26, 1948. 


Stipa spartea var. curtiseta and Agropyron 


brown soil zone. 
temisia frigida. 








oom «en 4 ee a ; a 
Fig. 12. Detail of the Stipa-Agropyron faciation. 
Note the large porportion of bare soil. 


in the same locality so that care must be taken in 
applying the data to the vegetation in other parts of 
the mixed-prairie area. However, sufficient observa- 
tions were made in several sites of this type in other 
districts to indicate that the sites which were sampled 
are similar in composition and general structure to 
other parts of the Stipa-Agropyron community. 
The data obtained from intensive sampling by the 
point-transect method of the four sites are sum- 
marized in Table 6. The basal cover furnished by 
plants (exclusive of Selaginella densa) averages 11.86 
percent. The percentage of the basal area which con- 
sists of species of Stipa (25.1 percent) is less than in 
the Stipa-Bouteloua community (30.2 percent), but 
the increase in the relative abundance of the larger 
species of Stipa compensates for this. Agropyron is 
more than twice as abundant here as in the Stipa- 
Bouteloua type. A. dasystachyum oceurs with the 
almost complete absence of A. smithii. The two dom- 
inant genera make up 43 per cent of the cover. The 
sedges contribute 25.5 percent of the total basal area 
in the sites sampled. This high coverage of sedges 


may not be typical of the type nor was it considered 
sufficient to warrant the inclusion of the sedges as ¢o- 
dominants, because of their small stature relative to 
the robust, dominant mid grasses. The principal sub- 
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TABLE 6. Percentage of basal cover and percentage 
composition of the total basal (considered as 
unity) provided by each of the principal species and 
groups of species (exclusive of Selaginella densa) in 
the Stipa-Agropyron faciation. Data from sampling 
of four sites by the point-transecet method. 


cover 





Percentage Percentage 


Species basal cover | composition 

Stipa comala...... ; : rm 1.07 “ie 9.0 
Stipa spartea var. curtiseta...... 1.91 16.1 
Agropyron dasystachyum...... 2.09 | 17.6 
Agropyron smithti............ 0.04 0.3 
Bouteloua gracilis... ... op ‘ 1.29 10.9 
Koeleria cristata.............. 0.55 4.6 
Carex eleocharis.. . . ion : 2.67 22.8 
COFOE FIMOGE . 6c sce cece. : 0.23 1.9 
Other grasses and sedges...... 0.39 5 
Total grasses and sedges...... 10.24 86.3 
Artemisia frigida......... 1.35 11.4 
PRE NOONE 06. Fees dbs 0.138 e 
Other fowhe: 2... 60. sc ows 0.13 = 
Re ene ree ee 0.01 | 0.1 
Total forbs and shrubs....... 1.62 13.7 
Total vegetation............ 11.86 100.0 


dominant grasses and sedges are Koeleria cristata, 
Bouteloua gracilis, Carex eleocharis, C. filifolia and C. 
heliophila. Together these compose 41 percent of 
the cover. Grasses of secondary importance are 
Muhlenbergia cuspidata, Calamagrostis montanensis, 
Poa secunda, P. canbyi and Stipa viridula. Together 
these contribute 2.3 percent of the total basal area. 

The total cover of forbs is sim‘lar to that in the 
Stipa-Bouteloua faciation but Artemisia frigida is of 
even greater abundance, making up 83.9 percent of 
the combined area occupied by forbs and shrubs. The 
forb next in abundance is Phlox hoodii, which furn- 
ishes 7.8 percent of the cover of forbs and shrubs. 
Shrubs are of minor importance in the sites sampled. 
Selaginella densa occupies 30.23 percent of the soil 
surface. 

The large cover of sedges, Artemisia frigida and 
Selaginel’a densa in these sites may result from dis- 
turbance in the recent past. Until further data are 
available, those presented will be of use in showing 
the broad relationships of this type to other grass- 
land communities. 

AGROPYRON-MUHLENBERGIA FACIES 

Throughout the area of rolling topography, with 
which the three types previously described are asso- 
ciated, evidence of modification of the cover by water 
erosion is frequent. These eroded areas are gen- 
erally limited in extent and the nature of the vegeta- 
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tion varies with the degree of removal of surface 
soil. They are usually characterized by an ineom- 
plete cover of grass and by frequent bare spots where 
the lighter color of the lower soil horizon is evident. 
Agropyron dasystachyum and A. smithii are domi- 
nant in these areas, partly because of their ability to 
invade by vegetative means (Fig. 13). Several spe- 
cies which are infrequent elsewhere are characteristic 
of eroded places, the principal grass of this group 
being Muhlenbergia cuspidata. 





Fig. 13. 
facics on eroded soil in the Grassland Research Area at 


Detailed view of the Agropyron-Muhlenbergia 


Cadillac. Dense clumps of Muhlenbergia cuspidata are 
abundant in this type. Agropyion dasystachyum is the 
principal wheat grass. The ruler is 12 inches leng. 


One site of about 100 acres was studied where sheci 
erosion had apparently modified the vegetation on a 
gentle slope in an area of erodable soil where sur- 
The vegetation appeared 
to be similar in composition to that on smaller eroded 
areas. The large size of the area permitted extensive 
sampling. The data obtained are presented in Table 


face drainage is excessive. 


‘. 

The two dominant genera make up 35.2 percent of 
the total basal area. Agropyron dasystachyum is the 
principal species of that genus, comprising nearly all 
of the wheat grass present. Muhlenbergia cuspidata 
is codominant with the species of Agropyron and 
makes up 18.2 percent of the cover. 
associated 


The principal 
Bouteloua 
gracilis, Stipa comata, S. spartea vay. curtiseta and 
S. viridula, which contribute 8.1, 13.0, 1.4, 1.4 and 1.2 
percent of the total basal area, respectively. The 
sedges form 16.3 percent of the basal cover, which is 
similar to the area occupied in the Stipa-Bouteloua 
community (14.7 percent). 

The vegetation of this site, if fully developed, 
would be of the Stipa-Bouteloua type. It is therefore 
interesting to observe how erosion has modified the 


Koeleria cristata, 


erasses are 


The abundance of 
Agropyron in the facies is greatly increased, while 
that of Bouteloua gracilis and the two common species 
of Stipa is lower than in the climax. The importance 
of the ubiquitous species, Koeleria cristata and Carex 


relative abundance of the grasses. 


eleocharis. is about the same. 


Muhlenbergia cuspi- 
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TABLE 7. Percentage of basal cover and percentage 
composition of the total basal (considered as 
unity) provided by each of the principal species and 
groups of species (exclusive of Selaginella densa) in the 
Agropyron-Muhlenbergia facies. Data from sampling 
by the point-transect method. 


cover 





Percentage Percentage 


Species basal cover | composition 


Agropyron dasystachyum : 2.26 15.8 
Agropyren smithii. . . . ees, O57 1.2 
Muhlenbergia cuspidata......... 2.59 18.2 
Bouteloua gracilis... ......... 1.85 13.0 
Stipa viridula. . ; 0.17 1.2 
Stipa spartea var. curtiseta..... 0.20 1.4 
PO CON 5) 50s oa ein ee oa 0.20 1.4 
OY Ye 1.15 8.1 
Other Greases... . 2 ..s0cc ces 0.46 bee 
Carex eleccharis........ eae s 2.12 14.9 
CE IG 6 6. ck oo eens we eead 0.20 1.4 

Total grasses and sedges...... 11.37 79.8 
Artemisia frigida.............. 1.25 &.8 
PME MOONE S556, 5 Kier iaaiongouios 0.70 4.9 
Antennaria microphylla... ...... 0.40 2.8 
I gs odenscrmeeccyees | 0.53 3.7 

ee arte 2.88 20.2 

Total vegetation............ 14.25 100.0 


data, which is of minor importance in the climax 
type, is dominant. 
abundant here. 

The cover of 


Stipa viridula is also more 
forbs is almost double that of the 
climax type (2.88 percent as compared with 1.52 
percent in the fully stabilized climax vegetation). 
Artemisia frigida and Phlox hoodii are the most 
abundant forbs, while Antennaria microphylla is the 
third forb of importance. 

Only general conclusions ean be made about this 
How- 
ever, it is significant that many species characteristic 


community, since only one site was sampled. 


of clay soils are more abundant because of the ex- 
posure of the fine-textured subsoil. Among these are 
Agropyron dasystachyum, Stipa viridula and Anten- 
naria microphylla. 

On steep, eroded slopes the habitat is drier than 
that of the site studied. Loss of precipitation from 
runoff is great because of the impervious nature of 
the exposed lower soil horizons. Many spceies are 
adapted to this habitat because of their resistance 
to drought or because of the reduced competition of 
other species (Figs. 14 and 15). Among the most 
characteristic species in this type of habitat are the 
following : 
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‘, : 
diversifolia 


Fig. 14. Gutierrezia 


(center ) 
in an eroded place in the Stipa-Agropyron faciation. 
This species is a conspicuous member of the autumnal 


oceurring 


aspect. August 18, 1948. 





Fig. 15. 
the top of a knoll in the Stipa-Bouteloua faciation in the 


Sideranthus spinulosus in an eroded site on 


dark-brown soil zone. 


This species is conspicuous in the 
autumnal aspect. 


September 3, 1948. 


Androsace puberulenta Rydb. 

Artemisia cana Pursh 

Astragalus caespitosus Nutt. 

Carex filifolia Nutt. 

Chamaerhodos nuttallii Pickering 
Chrysopsis villosa (Pursh) Nutt. 
Eriogonum flavum Nutt. 

Eurotia lanata (Pursh) Mogq. 
Gutierrezia diversifolia Greene 
Hymenozys richardsonii (Hook.) Cockerell 
Mamillaria vivipara (Nutt.) Haw. 
Opuntia fragilis (Nutt.) Haw. 

Opuntia polyacantha Haw. 

Oreocarya glomerata (Pursh) Greene 
Oxytropis spp. 

Paronychia sessiliflora Nutt. 

Phlox hoodii Richards. 

Sideranthus grindelioides (Nutt.) Britt. 
Sideranthus spinulosus (Pursh) Sweet 


AGROPYRON-KOELERIA FACIATION 
The Agropyron-Koeleria faciation oceurs on soils 
developed on uniform clay deposits oeeupying the 
beds of lakes. These are soils of 
high water-retaining capacity on typically undulating 
topography (Fig. 3). The high agricultural value 


former glacial 


of this land made undisturbed sites difficult to locate. 
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However, an area of about one township in extent 
was studied in detail, four sites being selected for 
sampling. The sites are located on brown soil with- 
in thirty miles of the dark-brown soil zone. 

The general appearance of this type is one of uni- 
formity. The number of species of grasses is small. 
All are mid grasses. Forbs are less frequent than in 
other types. Only two layers occur, since Selaginella 
densa is not present. The mid grasses, forbs and 
half-shrubs comprise the upper layer, while Carex 
eleocharis is the principal component of the lower 
one. This sedge has been grouped with the short 
grasses in other studies (Sarvis 1920, Hanson & 
Whitman 1938); its presence permits the classifica- 
tion of this type as a mixed-prairie community. 
The only woody species occurring abundantly is a 
half-shrub, Eurotia lanata, which does not interrupt 
the continuity of the mid-grass cover (Fig. 16). 





es Vier 


Fic. 16. Detailed view of the Agropyron-Koeleria faci- 
ation shown in Fig. 3. Note the uniform cover of 
Agropyron dasystachyum, the absence of Selaginella 
densa, and the large proportion of bare soil. The half- 
shrub is Eurotia lanata, a species characteristic of this 
community. In front of it lies a 12-inch ruler. 


The basal cover of vegetation in this community is 
less than in those previously described (Table 8). 
Agropyron dasystachyum is the principal dominant, 
furnishing 41.2 percent of the basal area. A. smithii 
makes up 6.4 percent of the cover. Because of the 
abundance of Koeleria cristata, this species is con- 
sidered as a dominant, It occurs in all upland types 
but composes 8 percent or less of the basal cover in 
other communities. In this type it is much more 
abundant, forming 24.6 percent of the basal area in 
the sites studied. Koeleria probably has its greatest 
influence on the habitat early in the season. The 
species of the two dominant genera furnish a total 
of 72.2 percent of the vegetation. 

Stipa viridula is the only other grass of importance. 
It is more robust than either of the other two species 
of Stipa common in other grassland types. It is 
characteristic of fine-textured soils and other areas 
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TaBLE 8. Percentage of basal cover and percentage 
composition of the total basal cover (considered as 
unity) provided by each of the principal species and 
groups of species in the Agropyron-Koeleria faciation. 
Data from sampling of four sites by the point-transect 
method. 














Percentage | Percentage 

Species basal cover | composition 

Agropyron dasystachyum........ 3.78 “Ft 41.2 
Agropyron smithii............. 0.59 6.4 
Koeleria cristata.......... Rorets 2.26 24.6 
Stipa viridula.. .. 2.055... eee 0.80 8.7 
nr eee 0.01 0.1 
CONG: OGONGIAR 50. oo wees wes 1.27 13.8 
Total grasses and sedges..... . 8.71 94.8 
Artemisia frigid@... .......0625085 0.21 2.3 
RUN WOOUNE «5.0.5 50 secs sieves ene 0.12 1.3 
GN NOs fais cite nats Somawe:t 0.11 | Pee 
Buroa Wanale...... nce eee 0.04 0.4 
Total forbs and shrubs....... 0.48 5.2 
Total vegetation............ 9.19 100.9 





where moisture conditions are favorable. It oceu- 
pies 8.7 percent of the vegetation in this community. 
Other grasses are not common. 

Carex eleocharis, the only sedge which occurs here, 
presents a smaller basal area than in the Stipa- 
Bouteloua type, but its percentage of the total basal 
area is similar in both communities. 

Forbs are fewer than in other types. <Artemisia 
frigida and Phlox hoodii furnish almost three-quar- 
ters of the combined area of forbs and shrubs. Shrubs 
are not abundant, the principal one being Eurotia 
lanata, a half-shrub characteristic of fine-textured 
soils. 

The relative abundance and distribution of forbs 
and shrubs were ascertained by list quadrats in three 
sites (Table 11). Twenty-six species of forbs and 
two shrubs are sufficiently abundant to appear in at 
least one of the 75 quadrats listed. Most of these are 
more abundant than in the communities already dis- 
eussed. These are Achillea lanulosa, Antennaria 
microphylla, Arabis hirsuta var. pycnocarpa, Arte- 
misia pabularis, Aster ericoides, Astragalus striatus, 
Cerastium campestre, Cheirinia inconspicua, Cheno- 
podium leptophyllum, Cirsium undulatum, Eurotia la- 
nata, Lepachys columnifera, Linum lewisii, Opuntia 
polyacantha, Sieversia ciliata, Solidago sp. and Vicia 
sparsifolia. Many species chracteristie of other types 
are less abundant or absent here. 

Listed below, in approximate order of their 
abundance, are the dominant, principal and secondary 
species of the Agropyron-Koeleria faciation. 
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Dominant grasses 


Agropyron dasystachyum (Hook.) Seribn. 
Koeleria cristata (.) Pers. 


Principal grasses and sedges 


Stipa viridula Trin. 
Agropyron smithii Rydb. 
Carex eleocharis Bailey 


Secondary 


grasses 


Poa secunda Pres) 
Poa cusickii Vasey 
Muhlenbergia cuspidata (Torr.) Rydb. 


Principal forbs and shrubs 


Artemisia frigida Willd. 

Phlox hoodii Richards. 

Eurotia lanata (Pursh) Mogq. 

Aster ericoides L. 

Achillea lanulosa Nutt. 

Artemisia pabularis (A. Nels.) Rydb. 

Chenopodium leptophyllum Nutt. 

Astragalus striatus Nutt. 

Malvastrum coccineum (Pursh) A. Gray 

Cerastium campestre Greene 

Antennaria microphylla Rydb. 

Linum lewisii Pursh 

Cheirinia inconspicua (S. Wats.) Rydb. 

Vicia sparsifolia Nutt. 

Cirsium undulatum (Nutt.) Spreng. 

Arabis hirsuta (L.) Seop. var. pyenocarpa (Hop- 
kins) Rollins 

Gutierrezia diversifolia Greene 


Sceondary forbs and shrubs 


Opuntia polyacantha Haw. 

Rosa sp. 

Lepachys columnifera (Nutt.) Rydb. 
Sieversia cil’ata (Pursh) G. Don 
Pulsatilla ludoviciana (Nutt.) Heller 
Solidago sp. 


In addition to the 31 species listed, 13 forbs and 
one shrub of minor importance oeeur in the com- 
munity. These are Anemone sp., Artemisia gnapha- 
lodes, Aster laevis, Galium boreale, Gaillardia aristata, 
Lappula Linum 
villosum, Oligoneuron canescens, 
Oxytropis spp., Polygonum spp., Potentilla bipinnati- 
fida and Symphoricar pos occidentalis. 

The paucity of species in this type is associated 
with the uniformity of the habitat. However, the 
numbers of species recorded in sampling the various 
types are not directly comparable because of the vari- 
ation in number and degree of dispersion of the sites 
studied. 


occidentalis, pratense, Lomatium 


macrocarpum, L. 


AGROPYRON SMITHII CONSOCIES 
A subclimax grassland type related to the Agropy- 
ron-Koeleria faciation occurs on slightly alkaline clay 
flats and on certain alluviated clay flats. These areas 
are held in a subclimax stage by the accumulation of 
soluble salts or by the deposition of sediments. <A 
considerable portion of the land of the Dominion 
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Range Experiment Station at Manyberries is occu- 
pied by this type of soil, and the vegetation is de- 
scribed briefly by Clarke et al, (1943). “Agropyron 
smithii is the sole dominant, often forming nearly 
pure stands. Less common grass species include 
Koeleria cristata and Poa secunda, while the prin- 
cipal forbs are Gutierrezia diversifolia and Phlox 
Bouteloua and particularly Stipa comata are 
rare or lacking.” 


hoodii. 


BouTELOUA-AGROPYRON FACIATION 


The clay loam solonetzie soils developed on thin 
boulder clay and modified by preglacial sediments are 
occupied by a second grassland community in which 
Bouteloua gracilis is the principal dominant. (Fig. 
17). The droughty nature of these soils caused by 
impermeability and their location for the most part 
in the drier part of the brown soil zone, favors the 
increase in abundance of Bouteloua gracilis, while 
the fine texture favors the increase of species of 
Agropyron, particularly in the eroded patches asso- 
ciated with the solonetzie nature of these soils. These 
“burn-outs” oceupy 16 percent of the soil surface in 
the sites studied. Such soils are predominant in the 
southwestern part of Saskatchewan south of the Cy- 


press Hills. The solonetzie soils of southeastern Al- 


berta are coarser-textured and support vegetation of 
the Bouteloua-Stipa faciation. 





Fig. 17. Detail of the Bouteloua-Agropyron faciation 
showing the abundance of Bouteloua and Selaginella 
densa. Marker stake is divided into bands 1 ineh wide. 


The general appearance of the vegetation is similar 
to that of parts of the Bouteloua-Stipa faciation (Fig. 
18). However, this type differs from the Bouteloua- 
Stipa community not only in the dominants but also 
in the decreased abundance of Artemisia cana and in- 
crease of certain other plants, prominent among which 
is Opuntia polyacantha. The relative abundance of 
the mid grasses is also considerably different in the 
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two types. This community has been elassified with 
the Bouteloua-Stipa faciation as the “short-grass 
plains” by Clarke (1930), Clarke and Tisdale (1936, 
1945) and Clarke et al. (1942, 1943). However, the 
mid grasses are considered to be of sufficient im- 
portance to warrant the classification of this tvpe as 
a mixed-prairie community. Under overgrazing the 


mid grasses become less abundant and a short-grass 
disclimax results, similar to that resulting due to 
overgrazing in the Bouteloua-Stipa community. 





£. Se ee or Sf hea 

Fig. 18. View of the Bouteloua-Agropyron faciation 
in the dry part of the brown soil zone. The undulating to 
gently rolling landscape is characterized by the presence 
of shallow coulees of this type. The alkali-solonetzic 
soil has developed on shallow deposits of glacial till 
overlying preglacial shales. 


The vegetation in this community was sampled by 
the point-transect method in eight sites. The data 
are presented in Table 9. The total basal area oc- 
eupied by the vegetation (9.24 percent) is about two- 
thirds that in the Bouteloua-Stipa type (14.69 per- 
cent) but it is about the same as in the Agropyron- 
Koeleria type (9.19 percent). This reduced cover 
is partially accounted for by the low density of the 
vegetation in the “burn-outs” (Fig. 19). Bouteloua 
gracilis furnishes 54.7 percent of the vegetation, and 
the two species of Agropyron make up an additional 
15.2 percent. A. smithii is much more abundant than 
A. dasystachyum in the drier habitat associated with 
this type. It furnishes 89 percent of the wheat grass 
cover. Only four other grasses are abundant in the 
community, namely, Stipa comata, Koeleria cristata, 
Poa secunda and Calamagrostis montanensis. To- 
gether these make up 13.5 percent of the cover. 
Muhlenbergia cuspidata occurs less frequently. The 
sedges have about the same abundance as in the 
Bouteloua-Stipa type, forming 7.7 percent of the 
cover. Carex eleocharis composes nearly all of this 
cover; C. filifolia is the only other sedge of frequent 
occurrence. Forbs and shrubs are less abundant. 

Artemisia frigida, as in all the other climax types, 
is the most abundant forb. However, Opuntia polya- 
cantha is the second species of importance on the basis 
of soil surface occupied. Phlox hoodii is third. Ar- 
temisia cana, although of less abundance than in the 
Bouteloua-Stipa type, is the most abundant shrub. 
Two half-shrubs, Hurotia lanata and Atriplex nuttal- 
lii, are also common. Selaginella densa occupies more 


than 27 percent of the soil surface. 
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TABLE 9. Pereentage of basal cover and percentage 
composition of the total basal cover (considered as unity) 
provided by each of the principal species and groups of 
species (exclusive of Selaginella densa) in the Bouteloua- 
Agropyron faciation. Data from sampling of eight 
sites by the point-transect method. 





Percentage Percentage 





Species basal cover | composition 

Bouteloua gracilis.............. 5.06 54.7 7 
Agropyron smithii.......0..0.. 1.25 13.5 
Agropyron dasystachyum....... 0.16 1.7 
BORD COMUNB 6555 osc is ee eae 0.44 4.8 
Roelerva cristata... .. 6 6ces cess | 0.34 ey 
Poa secunda@.......... ae nel 0.31 3.4 
Calamagrostis montanensis..... .| 0.15 1.6 
Carex eleocharis............... | 0.68 7.4 
SD | 0.03 0.3 

Total grasses and sedges..... . | 8.42 91.1 
Artemisia frigida.............. | 0.27 3.0 
Opuntia polyacantha...........| 0.18 1.9 
Sa ee 0.12 1.3 
GI IOEIN cae oko ee vcctor ea 0.07 0.8 
MVIOMMEUE COORG... os cece 0.12 1.3 
II ooo 55s ood ace is ee hace 0.06 0.6 

Total forbs and shrubs....... 0.82 &.G 

| 
Total vegetation........... 9.24 100.0 








Fig. 19. Typical vegetation in a ‘‘burn-out’’ on elay 
loam alkali-solonetzic soil associated with the Bouteloua- 
Agropyron faciation. Note the light color and compact 
surface of the exposed B horizon. Rhizomes of Agro- 
pyron smithii are invading the bare area. The ruler in 
the center of the photograph is 12 inches long. 


The relative abundance and distribution of forbs 
and shrubs were studied in five sites by count-list 
quadrats. The data are shown in Table 11. Twelve 
forbs, one shrub and two half-shrubs were sufficiently 
abundant to occur within 125 meter quadrats. Sev- 
eral of these are considerably more abundant in this 
type than in the Bouteloua-Stipa faciation. Among 














October, 1950 


these are Opuntia polyacantha, Phlox hoodii, Eurotia 


lanata, Malvastrum coccineum, Antennaria micro- 


phylla and Atriplex nuttallii. Grindelia perennis, 
Lepachys columnifera and Stipa viridula are common 
in the “burn-outs.” 

The dominant, principal and secondary species 
which constitute this community are listed below in 
the approximate order of their abundance. 


Dominant grasses 


Bouteloua gracilis (H. B. K. 
Agropyron smithii Rydb. 


) Lag. 


Principal grasses and sedges 


Stipa comata Trin. and Rupr. 
Koeleria cristata (L.) 
Poa secunda Presl 
Agropyron dasystachyum (Hook.) Seribn. 
Calamagrostis montanensis Seribn. 

Carex eleocharis Bailey 


Pers. 


Secondary grasses and sedges 


Carex filifolia Nutt. 
Muhlenbergia cuspidata (Torr.) Rydb. 


Principal forbs and shrubs 


Artemisia frigida Willd. 

Opuntia polyacantha Haw. 

Phlox hoodii Richards. 

Eurotia lanata (Pursh) Moq. 
Malvastrum coccineum (Pursh) A. Gray 
Selaginella densa Rydb. 

Antennaria microphylla Rydb. 

Atriplex nuttallii S. Wats. 

Gutierrezia diversifolia Greene 
Plantago purshii R. and §S. 


Secondary forbs and shrubs 


Artemisia cana Pursh 
Chenopodium leptophyllum Nutt. 
Chrysopsis villosa (Pursh) Nutt. 


Five minor species were observed to be characteris- 
tic of this type in addition to the eight grasses, two 
sedges, nine forbs, two half-shrubs, one shrub and one 
clubmoss listed. These are Achillea lanulosa, Arte- 
misia pabularis, Hymenoxys richardsonii, Mamillaria 
vivipora and rhombifolia. This com- 
munity is, therefore, least wealthy in number of spe- 
cies. This characteristic is associated with the dry 
climatic conditions which prevail and the uniform 
habitat existing throughout the faciation. 


Thermopsis 


EFFECTS OF CLIMATE ON 
NATIVE VEGETATION 
During the period 1928 to 1939 Clarke et al. (1943) 
studied the effects of climate upon grassland in south- 
ern Alberta. The study was begun before the great 
drought and during the relatively favorable period of 
1927 to 1929. This period was followed by a pro- 
longed drought which was ameliorated only slightly 


during 1932 and 1938. The growing seasons of 1936 


and 1937 marked the culmination of the drought. 
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These were the driest 
recorded in 


which have ever been 
this area. From a study of numerous 
permanent quadrats these workers concluded that the 
effects of climate were shown mainly in a deerease in 


years 


density of the three principal grasses, Bouteloua gra- 
cilis, Stipa comata and Agropyron smithii, and in the 
inercase of such low-growing, short-season forms as 


Poa secunda, Phlox hoodii and Selaginella densa. 
However, the ratio of the density of Bouteloua to 
Stipa remained unchanged in the part of the 


Bouteloua-Stipa faciation studied. 
Koeleria cristata 
reduced to a 


The density of 
Artemisia frigida was 
very low density during the worst 
drought years, and then increased rapidly during 
1938 and 1939. 

Unfortunately, no records are available on the com- 
position of other parts of the Canadian mixed 
prairie, either during or before the great drought. 
It is, therefore, impossible to ascertain to what ex- 
tent any damage to the vegetation, which may have 
been caused by drought, has been repaired. However, 
apparently fully developed vegetation of three sites 
was sampled at intervals throughout the period of 
this study in order that changes occurring during 
1940 to 1947 could be ascertained, Excepting one 
site, all were studied for the first time in 1941. The 
data obtained from sampling the Bouteloua-Stipa site 
in 1940 and 1947 are summarized in Table 10. They 
indicate that the density of the dominants was less 
affected by variations in weather than that of other 
species. A slight decline in total basal cover occurred 
during the period 1940 to 1947, caused chiefly by 
decrease in abundance of 
dominant grasses. 


increased. 


forbs and _ sub- 
The vegetation of the Agropyron- 
Koeleria faciation associated with clay soils tended 
to change less than that of the Stipa-Agropyron and 
Bouteloua-Stipa communities, which occur on soils 
of coarser texture. 


several 


TABLE 10. Percentage of basal cover and percentage 
of the total cover provided by each of the principal 
species and groups of species in one site in the Bouteloua- 
Stipa faciation at Manyberries, Alberta, in 1940 and in 
1947. 





| PERCENTAGE | PERCENTAGE 
BasaL Cover CoMPosiITION 


1947 | 1940 | 1947 


Species — 
1940 


4.00 | 4.60 | 37.4 | 48.6 
1.33 | Lal | 7.38 18.0 


Bouteloua gracilis. . 
Stipa comata 


Koeleria cristata..............| 0.96 | 0.93 8.9 9.9 
Agropyron smithii............| 0.79 | 0.50 | 7.4 5.3 
Poa secunda... . mec} ae Se ys 2.1 
Calamagrostis mor.tanensis ..| 0.04 | 0.03 | 0.4 0.3 
Carex eleocharis...............| OU | 0.58 4.3 1.4 
Other grasses and sedges......| 0.20 oS 2.0 ee 

Total grasses and sedges.....| 8.62 | 8.10 | 80.6 85.6 
Forbes and shrubs..............| 2.08 | 1.37 | 19:4 14.4 

Total seed plants. ......{10.70 | 9.47 |100.0 | 100.0 
Selaginella denca..............|25.96 |14.93 
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Most of the data presented in this research con- 
cerning the composition of the vegetation were ob- 
tained during the period 1944 to 1947. By that time 
the vegetation had had nearly a decade to recover 
from the effects of drought. The data are therefore 
considered representative of the average condition of 
the vegetation. 


GRASSES AND SEDGES AND 
THEIR DISTRIBUTION 


Six species of grasses dominate climax, mixed- 
prairie communities in southern Saskatchewan and 
Alberta, namely, Stipa comata, S. spartea var. curti- 
seta, Bouteloua gracilis, Agropyron dasystachyum, <A. 
smithii and Koeleria cristata. A seventh species, 
Muhlenbergia cuspidata, is a dominant of the Agropy- 
ron-Muhlenbergia facies occurring on eroded soils. 
Twelve other species of grasses and four sedges are 
characteristic of various grassland communities but 
never attain the abundance or importance of the 
dominant species. These 23 species of grasses and 
sedges are those characteristic of upland prairie. 
Occasionally species more characteristic of the post- 
climax vegetation of lowlands and sandhills oeeur in 
the mixed-prairie communities because of microrelief. 

The tribe Agrostideae is represented by eight spe- 
cies. The Festuceae, Hordeae, Chlorideae and Ave- 
neae are represented by four, three, two and two 
species, respectively. The species important in this 
area are highly modified to withstand the fluctuations 
of temperature and moisture which are charactcristic 
of the habitat. 

The grasses are mostly of bunch-grass habit. Sev- 
eral have short rootstalks which permit the develop- 
ment of large clumps. The two dominant species of 
Agropyron and Carex eleocharis are noteworthy ex- 
ceptions. They have long, creeping rhizomes which 
facilitate spreading vegetatively. 

The majority of the grasses and sedges are cool- 
season forms. Growth generally begins during the 
last week of March or early in April. Bouteloua 
gracilis, however, is of southwestern origin. It 
grows during a warmer period and is drought re- 
sistant. Growth of this species usually does not 
begin until a month after that of cool-season grasses. 

Heading and flowering of most grasses occur in 
June, and the seed matures during July.2 Koeleriu 
cristata, Poa secunda and the sedges mature earlier, 
while Bouteloua gracilis and some of the minor species 
of grasses mature at a later date. Much of the 
foliage cures during July, and by August the vegeta- 
tion has mostly lost its green color. 

The average height of the culms of most of the 
grasses does not greatly exceed 12 to 18 inches. This 
makes the distinction between short grasses and mid 
grasses difficult. However, Bouteloua gracilis and 
Carex eleocharis belong to the first group; they are 
abundant and compose the short-grass layer in the 
Canadian mixed prairie. 


%’ The word “seed’’ is used in this paper to refer to the 
caryopsis of grasses, the achene of sedges and the fruit and 
seed of other species 
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The proportion of the soil surface occupied by the 
bases of grasses and sedges averages 8.4 to 12.4 per- 
cent in the several grassland communities. The 
higher basal covers are associated with vegetation on 
coarse-textured soils and the lower ones with that on 
soils of fine texture. Grasses and sedges compose 
84.5 to 94.8 percent of the vegetation in the climax 
types. The higher percentage is associated with fine- 
textured soils and the lower figure with soils of 
coarse texture. 

During the course of the study numerous data were 
collected regarding the principal components of the 
grassland. These data include the dates of beginning 
of growth in spring, emergence of the inflorescence 
from the sheath, of flowering, of seed maturity and 
shedding, and the dates of curing of the foliage and 
culms. In addition, the heights of the principal 
grasses were measured throughout the period of their 
development. These data, together with those ob- 
tained by sampling the vegetation, provide the basis 
for an understanding of the autecology of the dom- 
inants and important subdominants. 


STIPA COMATA AND S. SPARTEA VAR. CURTISETA 


Stipa comata Trin. and Rupr. and S. spartea Trin. 
var. curtiseta Hitche. are the most important native 
forage species of the Canadian mixed prairie. They 
are relatively deep-rooted, erect, perennial bunch 
grasses. The leaf blades are narrow and _ usually 
rolled. The ligule is conspicuous, that of S. comata 
being longer and more sharply pointed than that of 
the other specics. The two species may also be dis- 
tinguished by the more robust growth of S. sparteu 
var. curtiseta and by the elongation of the uppermost 
leaf sheath to enclose the panicle in S. comata. 

S. comata is very widely distributed over the west- 
ern United States and oceurs in Alaska, but it is 
most abundant in the northern Great Plains, to which 
area S. spartea var. curtiseta is confined (Hitchcock 
1935). These species occur in all grassland types of 
Canadian mixed prairie except in the Agropyron- 
Koeleria faciation. At least one of them is dominant 
on all medium- to coarse-textured, uneroded soils. 
Where these species are dominant they occur with a 
frequency of 76 to 98 pereent. 

In the Stipa-Bouteloua faciation S. comata makes 
up 8 to 24 percent of the vegetation, being most 
abundant on sandy soils and in the drier parts of the 
type (Table 3). It is dominant in the Bouteloua- 
Stipa type, where it contributes 16.5 percent of the 
vegetation. In the moister habitat associated with 
the Stipa-Agropyron faciation, S. comata is exceeded 
in importance by its more robust relative, but even 
here composes about 9 percent of the cover. S. 
comata is of less importance in the Bouteloua-Agro- 
pyron and Agropyron-Muhlenbergia types, where it 
comprises lcss than 5 and 2 percent of the vegetation, 
respectively. It is abundant in the sandhills and in 
abandoned fields, where it sometimes occurs in nearly 
pure stands (Fig. 20). 
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Fig. 20. View of a consocies of Stipa comata on deep 
sandy loam soil in the dry part of the brown soil zone. 
The climax community here is probably of the Bouteloua- 
Stipa type. 


S. spartea var. curtiseta is relatively more abundant 
than S. comata in moister habitats. It is not com- 
mon in the drier part of the brown soil zone and is 
much less abundant than S. comata on coarse-tex- 
tured soils in moister areas. It is dominant through- 
out the Stipa-Bouteloua faciation (Table 3), being 
most important in the moister habitats associated with 
lower slopes and areas of higher moisture efficiency, 
where its basal area equals that of S. comata. The 
abundance of S. spartea var. curtiseta exceeds that 
of S. comata in the Stipa-Agropyron type, where it 
furnishes 16 percent of the vegetation. Its impor- 
tance in the Bouteloua-Stipa community is limited 
because of the drier habitat. On the eroded soils of 
the Agropyron-Muhlenbergia facies it contributes less 
than 1 percent of the plant cover. 

Growth of S. comata usually begins during the 
second week of April, but occasionally occurs before 
the end of March in the warmer area south of the 
Cypress Hills. Growth is rapid and flower stalks 
develop by June 10 in the latter area. Flowers ap- 
pear about ten days later, and the seed is ripe about 
the middle of July. At Swift Current flowering and 
maturity occur seven to ten days later. The seed 
is shed within two weeks after it is ripe. The culms 
cure before the leaves, being completely dry by mid- 
August. The leaves cure downward from the tip, 
but usually remain partially green until late Sep- 
tember. Height of foliage is generally 4 to 4.5 
inches, but during dry summers it is only half this 
height. The culms are normally 10 to 12 inches high, 
extending above the foliage except in dry years. In 
the sandhills, growth is more vigorous, the leaves gen- 
erally averaging about 7 inches and the culms 17 
inches in height. This species grows from April to 
July, inclusive. Some new growth may occur during 
moist autumns. The proportion of the mature leaf 
height attained in the Swift Current area by the end 
of April, May and June averaged 27, 69 and 95 
percent, respectively, during 1942 to 1946. Clarke 
et al. (1943) found that 51, 90 and 100 percent of 
the forage yield was produced at Manyberries by the 
The av- 
erage number of culms per square meter in the dry 


end of May, June and July, respectively. 
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prairie varies from 5 to 13, while in the sandhills as 
many as 44 culms per square meter have been found. 
Seed production varies with moisture supply. In 
favorable years 60 percent of the plants may pro- 
duce seed, while in dry years very little seed is formed. 
An average of 25 to 30 percent of the plants produce 
seed each year. 

The periods of growth and development of S. 
spartea var. curtiseta are similar to those of S. 
comata, where these two species occur in proximity. 
However, because of the more favorable moisture re- 
lations in the habitat with which the former species 
is associated, the later stages of growth are some- 
times prolonged, green foliage often being present 
into October. The leaves usually reach an average 
height of 7 inches and culms 13 inches. In more 
favorable years these averages are 12 and 16 inches, 
respectively, while in dry years average heights of 
4.5 and 12.0 inches have been recorded. 

Reproduction in these species, aside from tillers, is 
from seed. <A high degree of viability of seed has 
been reported in North Dakota (Whitman & Stevens 
1941). The long awn aids in planting the fruit by 
twisting and untwisting in response to changes in 
humidity. The seeding habits make these species 
important in the process of natural revegetation in 
abandoned fields. 

The species of Stipa are probably not as palatable 
to livestock as Bouteloua gracilis, but, because of more 
robust growth, they are the major forage species. 
The fruits cause mechanical injury to the throat and 
hide of animals if grazing occurs after they mature 
and before they are shed. 
largely from 


Because of reproducing 


seed, these species disappear more 
quickly as a result of overgrazing than do species of 


Agropyron and Bouteloua. 


BoUTELOUA GRACILIS 

Bouteloua gracilis (H.B.K.) Lag. is the only short 
grass of importance in Canada. It is second in 
abundance to the two species of Stipa. This species 
is a densely tufted perennial with short, scaly root- 
stalks. The short leaf blades are flat and taper to a 
sharp point. The ligule consists of a dense fringe 
of hairs 0.5 mm. or less in length. The prominently 
jointed culms are erect and usually bear two spikes. 
each with numerous spikelets. Sarvis (1941) re- 
ports that the roots of Bouteloua gracilis form a 
mass in the top 14 to 20 inches of soil in North 
Dakota. Weaver (1920) found little difference in its 
root distribution in several plant communities in the 
central Great Plains. The marked development of 
widely spreading surface laterals, so common in the 
mixed prairie, was not found in true prairie. 

The species is widely distributed throughout the 
Great Plains. In many areas it forms a short-grass 


disclimax with Buchloe dactyloides as a result of 
grazing (Shantz 1911, Albertson 1937). In the 


northern Great Plains the latter species does not 
oceur, and the grazing disclimax is a community dom- 
inated chiefly by Bouteloua. 
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Bouteloua is widely distributed throughout the 
mixed-prairie communities in Canada. It is dominant 
in the Bouteloua-Agropyron, Bouteloua-Stipa and 
Stipa-Bouteloua communities, where it composes 54.7, 
51.6 and 24.7 percent, respectively, of the basal cover. 
This species is sub-dominant in the Stipa-Agropy- 
ron and Muhlenbergia-Agropyron communities, where 
it makes up 10 to 15 percent of the vegetation. It 
is absent from the Agropyron-Koeleria faciation. In 
communities where Bouteloua is dominant it oceurs 
with a frequency of 80 to 98 percent. 

Bouteloua is more drought-resistant than the other 
dominants. It is adapted to habitats where, because 
of compact soil through which water percolates slow- 
ly, water loss from runoff is high. It is also very 
abundant where precipitation occurs mostly in light 
showers. Under these conditions most of the moisture 
during the growing season is confined to the surface 
6 to 8 inches of soil. However, Bouteloua is absent 
from relatively level areas of clay soil where the 
Agropyron-Koeleria faciation and the Agropyron 
smithii consocies are found. It is also absent in areas 
of coarse sand, at least until considerable organic 
matter has been incorporated into the soil. 

Growth of Bouteloua usually begins almost a month 
after that of Stipa comata. This is during the last 
week of April or the first week of May. But oc- 
casionally it begins as early as April 15 or as late as 
the second week of May. Culms are produced 
only in favorable years. They appear during June, 
and flowering usually occurs during the first half of 
July, although it may be delayed until the end of that 
month. The date of seed maturity varies; seed is 
usually ripe by the end of August and is shed dur- 
ing September. In the moister areas seed maturity 
is sometimes delayed another month, particularly in 
years when moisture is available in July and August. 
Late summer rains often result in an increase in seed 
production in this species but are too late to similarly 
affect earlier maturing species. Foliage is usually 
cured by the end of August in dry areas but remains 
partially green for another month in moister ones. 
Height of the foliage is variable. It averages 1.5 
inches in some localities in dry years and exceeds 4 
inches in others in moist ones. The average is about 
2 to 3 inches in dry districts but 3 to 4 inches in 
moister areas. The proportion of the foliage height 
attained at the end of April, May and June averaged 
3, 50 and 91 percent, respectively, over the 5-year 
period 1942 to 1946 at Swift Current. Clarke et 
al. (1943) found that at Manyberries 35, 82 and 100 
percent of the forage yield was produced by the 
end of May, June and July, respectively. The range 
in average height of culms is 5 to 12 inches. The 
average number of culms per square meter reaches 
165 to 175 in the Bouteloua-Stipa faciation in favor- 
able years. Seed production is frequently nil, but 
in favorable years it may be good. Seed varies in 
quality, and the principal means of reproduction is 


apparently by tillering. 
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AGROPYRON SMITHII AND A. DASYSTACHYUM 

Agropyron smithii Rydb. and A. dasystachyum 
(Hook.) Seribn. are sod-forming perennials with 
long, creeping rhizomes. The second species is more 
tufted than the first, since several shoots may arise 
from a single node of the rhizome. A. dasystachyum 
is light grayish-green, while A. smithii is more glau- 
cous. The flat to involute leaf blades are generally 
wider in A. smithii, often being 4 to 6 mm. in width. 
Clasping auricles occur on both species but these are 
more prominent on A. smithii, in which species they 
may sometimes be distinguished by the purplish color 
of the base. 

A, smithii is distributed throughout the Great 
Plains from southern Canada to Texas. Under favor- 
able moisture conditions the root system may extend 
to 8 feet or more in depth, while on the dry uplands 
the depth of penetration may not be greater than 3 
to 4 feet. Under dry conditions the portion of the 
root system absorbing in the surface soil is especially 
well developed (Whitman & Stevens 1941). This 
species was found on various soils of limited moisture 
content. It is also adapted to gumbo flats, where 
moisture supply is moderate, and tolerates a fair 
amount of alkali. A. dasystachyum has a wider range 
than most other wheat grasses and is more common 
in Canada. Both species are hardy, somewhat 
drought-resistant and able to spread rapidly. 

One or both of these species is dominant in four 
of the major grassland communities. A. smithii makes 
up 13.5 percent of the cover in the Bouteloua- 
Agropyron faciation, but A. dasystachyum only 1 or 
2 percent. In the Agropyron-Koeleria, Stipa-Agro- 
pyron and Agropyron-Muhlenbergia types, A. dasys- 
tachyum is the more important, composing 41.2, 17.6 
and 15.8 percent, respectively, of the basal cover. 
The corresponding composition of A. smithii in these 
communities is 6.4, 0.3 and 1.2 percent, respectively. 
These species are subdominant in the Stipa-Bouteloua 
and Bouteloua-Stipa types, where together they furn- 
ish 7.4 and 2.7 percent of the cover, respectively. 
Where species of Agropyron are dominant they usu- 
ally occur with a frequency of 100 percent. Even 
where they are subdominant these species have a 
frequency of 75 to 93 percent. 

A. smithii is most important south of the Cypress 
Hills, where the early stages of growth occur about 
the same time as those of Stipa comata. Growth be- 
gins early in April, spikes appear during the first 
half of June, and flowering occurs about two weeks 
later. Seed usually matures about a week later than 
that of Stipa comata. It is shed during August. The 
foliage and culms cure about the same time as the 
foliage of Stipa comata. Clarke et al. (1943) found 
that 50, 90 and 100 percent of the forage yield was 
produced at Manyberries by the end of May, June 
and July, respectively. 

A. dasystachyum is more common in the moister 
parts of the brown soil zone and on dark-brown soils. 
The lower temperatures and less droughty conditions 
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associated with this more favorable habitat are re- 
flected in prolongation of the later stages of growth. 
Growth begins during the second week of April and 
flowering usually does not occur until the first half 
of July. Seed matures from late July to September, 
depending upon moisture conditions. The foliage 
often remains partially green until late September 
or early October. The average height of the foliage 
at maturity varies from 2 to 9 different 
localities in various years but is usually 6 to 7 inches. 


inches in 


Height of culms varies from 7 to 22 inches and aver- 
ages 13 to 14. The proportion of the mature foliage 
height attained at Swift Current by A. dasystachyum 
averaged 36, 74 and 95 percent by the end of April, 
May and June, respectively, during the period 1942 
to 1946. 


IKOELERIA CRISTATA 

Koeleria cristata (L.) Pers. is a small, tufted per- 
ennial without rootstalks. The leaves are bluish 
green, without auricles, and with a short, membranous, 
truncate ligule about 1 mm. long. The blade varies 
from 1 to 4 mm. in width and 5 to 12 em. in length, 
being flat to involute and tapering to a blunt point. 
The blade is ridged on the upper surface, keeled, and 
usually smooth below. It is quite soft to the touch. 
The numerous, slender from 
leaves, bearing a spikelike panicle. The similarity of 
this panicle to that of Calamagrostis montanensis 
often causes error in identification, but the difference 
in vegetative characters is sufficient for distinguish- 
ing between these species. 


cuims are and free 


The panicle is somewhat 


expanded during flowering, but before and after 
flowering it is contracted. Weaver (1917) found 


that the maximum depth of roots of Koeleria was 28 
inches in eastern Washington and the average work- 
ing depth was 15 inches. In the central Great Plains 
the maximum depth was 26 inches, the average work- 
ing depth was 14 and the lateral spread 8 to 12 
inches (Weaver 1920). 

Koeleria is one of the most widely distributed 
native grasses in North America. It occurs through- 
out the United States, except in the extreme south- 
eastern section, as well as in Mexico. In the mixed 
prairie of Canada it is sufficiently abundant to rank 
as a dominant in only the Agropyron-Koeleria facia- 
tion, where it furnishes 24.6 percent of the cover. 
However, it is prominent in other climax types, con- 
posing 3 to 8 percent of the basal cover in each. It 
is most abundant in areas where moisture conditions 
are favorable. Koeleria occurs with a frequency of 
100 percent where it is dominant and 37 to 73 per- 
cent where subdominant. 

Growth begins about the same time as that of Stipa 
and Agropyron. This is usually the first or second 
week of April, but occasionally late in Mareh. In 
the drier part of the area the panicles usually appear 
during the first week of June and flowering occurs 
a week later. The sced usually matures about mid- 
July and is shed early in August. In the nioister 
districts. in the east and north, flowering is delayed 
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until 
There the seed ripens during late July 
or early August. Seed production is variable. The 
culms cure by the time the seed matures, while the 
leaves may remain somewhat green until late Sep- 
tember. The average height of culms at maturity 
varies with the district and the season from 3.5 to 
15 inches, while height of foliage ranges from 2 to 
8 inches. 


until the last half of June and occasionally 
early July. 


The average proportion of mature foliage 
height attained in the Swift Current area by the 
end of April, May and June was 65, 92 and 99 per- 
cent, respectively, during 1942 to 1946. These figures 
show that Kocleria makes a larger percentage of its 
growth in April than does any other dominant grass. 
For this reason it suffers greatly from overgrazing 
during the early part of the season. 
ron-Koeleria 


In the Agropy- 
faciation it produces from 15 to 20 
culms per square meter in good seed years, but an 
average of less than one culm per unit area occurs 
in other types. 

Koeleria is not highly drought-resistant. How- 
ever, it increased in abundance during the last period 
of drought (Clarke et al. 1943). This was due to the 
fact that it bared area easily and that 
erowth begins early in spring when the moisture 


reseeds a 


supply is most favorable. 
CAREX ELEOCHARIS 

Carex elcocharis Bailey is the most abundant sedge 
of the mixed prairie in Canada. The 
stems oceur in short tufts from long, creeping root- 
stalks. The stems are 5 to 20 em. high with few 
spikes, which are densely aggregated into a head 7 
The latter protrudes above the 


leaves and 


to 15 mm. long. 
shorter leaves. 

This species is especially abundant in the north- 
ern Great Plains. It is most abundant in the Stipa- 
Agropyron faciation, where it composes 22.8 percent 
of the plant cover. This, however, is no indication 
of the extent of its effect on the habitat, compared 
with the dominants, because of its small stature and 
short period of growth. Its reaction on the habitat 
and community is probably greatest during the early 
part of the season, since its growth is completed be- 
fore that of any of the grasses. This species makes 
up 13 to 15 percent of the basal cover in the Stipa- 
Boutcloua, Agropyron-Koeleria and Agropyron-Muh- 
lenbergia communities. It is of less abundance in 
the Bouteloua-Stipa and Bouteloua-Agropyron facia- 
tions, where it furnishes 7 percent of the cover, but 
even here it is sufficiently well distributed to occur 
with a frequency of 92 percent. 

Growth begins during the first or second week of 
April and is generally complete by the end of May. 
Flowering oceurs before mid-May and the seed is 
ripe by the end of May or early June. Seed pro- 
duction varies, none being produced during dry 
The narrow leaves usually average 2 to 3 
The tips dry early in the year but 
throughout the 


years. 
inches in height. 


the bases remain green summer. 
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When late summer rains oceur, new leaves appear in 


the fall. 


MUHLENBERGIA CUSPIDATA 

Muhlenbergia cuspidata (Torr.) Rydb. is an erect, 
fine-leaved, densely tufted perennial, with hard, bulb- 
like, scaly bases. Auricles are absent, but a short 
ligule 1 mm. or less in length is present. The blade 
is 1 to 3 mm. wide and 3 to 10 em. long. The culms 
are slender and wiry. The panicles are narrow, an‘ 
somewhat spikelike. The normal caryopses are very 
small, but frequently the flowers become infected by 
a fungus and then develop hard, yellowish hodies re- 
sembling small grains of millet (Whitman & Stevens 
1941). 

This species begins growth later than the cool- 
season grasses, usually during the last half of April. 
The panicles appear about the end of June and 
flowering occurs during July. The seed is ripe early 
in August. 

M. cuspidata is characteristie of dry, eroded hill- 
sides. It composes 18.3 percent of the plant cover in 
the Agropyron-Muhlenbergia facies but oceurs only 
occasionally in climax vegetation. A frequeney of 4 
and 2 percent was recorded in the Stipa-Bouteloua 
and Bouteloua-Agropyron communities, respectively. 
The species did not oceur in the quadrats listed in the 
Bouteloua-Stipa and Agropyron-Koeleria faciations. 


OTHER GRASSES AND SEDGES 


Stipa viridula Trin. is an erect, tufted perennial 
without rootstalks. The plant is more robust than 
are those of the two preceding species of Stipa. The 
inflorescence is a rather compact panicle 4 to 10 inches 
in length. Awns are about an inch long. The culms 
reach heights of 1.5 to 3 feet. Propagation is by seed 
and by tillering. 

Growth begins during the third week of April, and 
the panicles appear early in June. Flowering occurs 
late in June, and the seed is generally mature by 
mid-July. The average height of the foliage at ma- 
turity is about 8 inches and that of the culms about 
20 inches. In the community where this species is 
most abundant, an average of only 1 to 4 culms 
occurs per square meter. 

The species is distributed over the northern and 
central Great Plains and as far south as New Mexico. 
It composes less than 1 percent of the basal cover 
in all Canadian mixed-prairie types except the Agro- 
pyron-Koeleria community, where it forms 8.7 per- 
cent of the vegetation and oceurs with a frequency 
of 73 percent. It is common in habitats which are 
favored because of heavy soil, by protection from 
wind, or by extra moisture from runoff. Its distri- 
bution is therefore limited. The frequency of this 
species in the Stipa-Bouteloua faciation is 6 percent. 

Three species of Poa are prominent in the area. 
P. secunda Presl is most abundant, occurring most 
frequently on sandy land. It usually composes less 
than 1 percent of the vegetation, except in the 
Bouteloua-Agropyron type where it composes 3.4 
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percent of the vegetation and occurs in 20 percent of 
the quadrats. In the Stipa-Bouteloua type it has a 
frequency of 4 percent. This species is a small per- 
ennial bunch grass which begins growth early in 
spring, a few days before Stipa and Agropyron. The 
panicles appear during late May, and th? plants 
flower in early June. Seed matures by carly July 
and is shed during that month. The foliage js 
usually completely cured by August. Clarke et a/. 
(1943) have recorded an increase in the abundance 
of P. secunda during drought in southern Alberta. 
P. canbyi (Seribn.) Piper and P. cusickii Vasey are 
less abundant but are well distributed throughout the 
moister part of the brown soil zone and the dark- 
brown soil zone, where their average frequency v>ries 
from 9 to 12 percent. These are early-maturing, 
tufted grasses without rootstalks. 

Calamagrostis montanensis Seribn. is an erect, sod- 
forming perennial with slender, creeping rootstalks. 
It occurs as a subdominant on upland prairie. This 
species resembles Agropyron smithii in the vegetative 
stage but differs from it by the presence of a long, 
membranous ligule. The inflorescence resembles that 
of Koeleria cristata. Growth in spring usually oceurs 
during the last half of April. The spikelike panicles 
appear about mid-June, and flowering begins by the 
end of June. By mid-July the seeds are mature. 
This species is most abundant in the Bouteloua-Stipa 
faciation, where it occurs with a frequency of 20 
pereent. In the other communities the fre uency of 
occurrence is 1 to 2 percent. It does not constitute 
more than 1 percent of the vegetotion in any type. 

Although Carex eleocharis leads the sedges in 
abundance, other species of this genus are common. 
C. filifolia Nutt. is second in abundance, occupying 
1 to 2 percent of the basal cover in the Bouteloua- 
Stipa, Stipa-Bouteloua, Stipa-Agropyron and Bou- 
teloua-Agropyron communities. The species does not 
occur in the Agropyron-Koeleria faciation. Its fre- 
quency in the Stipa-Bouteloua and Bouteloua-Stipa 
types averages 13 to 14 percent, while that in the 
Bouteloua-Agropyron type is about 1 _ percent. 
Growth begins during the first week of April and the 
heads appear before the end of the month. The 
flowers appear by mid-May, and the seed is shed by 
the first of July. The plant is without rootstalks 
and forms dense clumps. Among other upland sedges, 
C. heliophila Mack. and C. obtusata Lil}. are of fre- 
quent occurrence. These are found mostly in favored 
locations, the first being abundant in sandy swales. 
It is also found with a frequency of 7 percent in the 
Stipa-Bouteloua faciation. 

Calamovilfa longifolia (Hook.) Seribn. and Sporo- 
bolus eryptandrus (Torr.) A. Gray grow in sandy 
soils associated with the Bouteloua-Stipa faciation. 
They occurred with a frequency of 6 and 1 percent. 
respectively, in the sites studied in this type. They 
are usually confined to areas which have recently 
been disturbed and are dominant in early stages of 
succession on sand. 
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Avena hookeri Seribn., Festuca scabrella Torr. and 
Muhlenbergia squarrosa (Trin.) Rydb. oceur only 
infrequently in climax mixed prairie. Their distri- 
bution is usually restricted to sheltered habitats. 
Schedonnardus paniculatus (Nutt.) Trel. and Sitanion 
hystrix (Nutt.) J. G. Smith are found rarely anid 
only in the southern part of the area. 


FORBS AND SHRUBS 
AND THEIR DISTRIBUTION 


Forbs are components of all the communities. 
Shrubs are less abundant but are conspicuous in some 
types. Relative abundance was studied by count-list 
meter quadrats. The average number of individual 
plants or rooted shoots per 25 square meters was cal- 
culated from these data. The distribution within 
each type was expressed in terms of percentage fre- 
quency or the percentage of the quadrats in which 
each species was found. A total of 1,250 quadrats 
was listed in 50 sites in four grassland types. The 
data are summarized in Table 11. 

TABLE 11. Average abundance and distribution (per- 
centage frequency) of forbs and shrubs in the sites 
sampled in four of the major grassland communities, as 
ascertained from quadrats. S-B, Stipa-Bouteloua; B-S, 
Bouteloua-Stipa; A-K, Agropyron-Koeleria; and B-A, 
Bouteloua-Agropyron. 
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Species | ae eee SE Pear eae ee See 

| | 

isB| ps |A-K|BA|S-B/BS|A-K| BA 
Artemisia frigida............ | 238 | 122 | 128 |137 | 89 | 62 | 91 | 89 
Piles MOONE 6s csccesiceeses |166 | 35 | 60 | 98 | 39 | 16 | 61 | 62 
Selaginella densa? ........... | Res ee ee Me ee sa | 98 
Malvastrum coccineum....... | 56 | 52 18 | 123 | 25 | 30 | 19 | 68 
Pulsatilla ludoviciana........ ai 1} 4 | Ese os 
Gutierrezia diversifolia........ | 16 | 13 | 3 | 4 | 18 8 5 | 8 
Solidago ylaberrima.......... | 26 | Oy .. | 12 4 : 
Solidago dumetorum..........| 9 | 5 | et | a 6 
RA Eee | 12 | 2 | 15 | re | 8 5 | 4 | 
Sideranthus spinulosus....... | | 4 | ; h & . | ao | 

| | | 
Chrysopsis villosa............ | 2 | | oe 4 Orb oe: 2 
Potentilla spp............... | 4]/41]/7] 8 Si 21 
Artemisia gnaphalodes....... ; 6 | St .. 1 a ee 
Artemisia pabularis..........| 4 | re; 62 | 1 : 17 
Psoralea argophylla.......... | 3 2 er | | 3 2 Pe 

| | 

Psoralea lanceolata...........| Se: a eee (eee eee) km ee 
Achillea lanulosa............ } 1 | Tia T | 4] 1] 2 1 
Androsace puberulenta........ | 2./| 2 | | 12 3 | 
Artemisia cana.............-. ie | a i... 4 T | 26 a oe 
Aster ericoides............-. | ef 96 | 3 4 | 

} | 
Chenopodium leptophyllum....| T | a | 4 1 5 | 39 4 
Eurotia lanata.............. = | 4 | 10 | 10 | ms 4 17 | 24 
Cheirinia spp..............- | T | Et ¢s | a 1 $}] i 
Cerastium campestre......... ma ios | 99 oe ee ; Zoe 
Opuntia polyacantha......... | Mini (Ay wed Fi 2B ay 6 3 12 
Opuntia fragilis?............ woe tae) % 
Mamillaria vivipara......... by 7 | T T 2 1 
Astragalus fleruosus......... | 2/7 4 1 
Lygodesmia juncea........... ig T 3 1 
Liatris punctata............. | 1 | ~ | 2 

| | 
Astragalus pectinatus........ | T tT - 1 2 - 
Antennaria microphylla. ..... | Do 4 @ 4 1 7 5 
Thermopsis rhombifolia.......| T | 3 | .. 2 6 a 
Sieversia ciliata. ............ 3 <i 2 1 » 4 | 
Gaura coccinea........ Ty} £1 ©} S| | 
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Petalostemon purpureus...... 
Elaeagnus commutata........ 
Galium boreale.............. 
Gaillardia aristata........... 
Oxytropis spp............... 
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Pentstemon spp............. T n ead on 1 


Polygonum spp............- $a je OW es a ee 1 











Number of sites sampled..| 22 | 20 zi 6 | | | 

















1 Plaats or rooted shoots were counted. 

2 Individuals were too numerous to count. 

T Nu.nber of plaats averaged less than 1 per 25 square meters, or frequency 
averaged less than | percent. 

Fifty forbs, four shrubs, two half-shrubs and one 
clubmoss were sufficiently abundant to occur with a 
frequency of 1 percent or more in at least one com- 
munity. In addition, several other species were 
observed in several sites. Species are most numerous 
in the Stipa-Bouteloua faciation, where the habitat 
is most variable because of the differences in relief. 
They are least abundant in the dry, uniform habitat 
of the Bouteloua-Agropyron type. If the species 
characteristic of developmental vegetation occurring 
within the boundaries of the sites were included, the 
total number would be augmented considerably. 

The 56 species of dicotyledons listed in Table 11 
represent 21 families. The composites are most 
abundant, including 20 species. The family of second 
importance is Fabaceae, nine species of which are 
abundant. 


ARTEMISIA FRIGIDA 


The most abundant forb of mixed prairie in Can- 
ada is Artemisia frigida Willd. It is a perennial 
composite with a low, woody base which gives rise to 
semiherbaceous annual stems (Fig. 21). The leaves 
are finely dissected. This species has a deep, ex- 
tensive root system which enables it to withstand 
drought and also stabilizes the soil against erosion 
(Weaver 1919, 1920). 

Artemisia renews growth in the brown soil area 
about mid-April. The flower stalks appear towards 
the end of July. Flower buds are present about the 
end of the first week of August, and the plant is in 
full bloom two weeks later. The seed ripens by the 
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Fig. 21. A plant of Artemisia frigida in the Stipa 
Agropyron faciation in the dark-brown soil zone. August 
16, 1948. 


middle of September, and the foliage dries soon 
afterward. No sced is procuecd in dry years, and 
even in favorable ones less than half of the plants 
form seed, This species is not readily eaten by 
grazing animals except in autumn and winter. Then. 
however, half of the foliage may be consumed in 
winter pastures. 

This Artemisia appropriates soil in overgrazed 
pastures formerly occupied by gresses (Fig. 22). 
For this reason it is often considered to be an indi- 
‘ator of overgrazing. Normally, however, the species 
is more common in the ¢limax vegetation in some 
communities than in others. Clarke et al. (1943) re- 
corded a decrease in the area it oceupied during 
drought. However, it rapidly increased during sub- 
sequent favorable years. 

The average number of rooted shoots per square 
meter varies in differcnt egresslands frem 5 to 10. 
In most of the sites the species occurred with a fre- 
quency of about 90 pereent. The proportion of the 
cover of forbs and shrubs which consists of A. 
frigida averages 33 to 84 percent in different types, 
being smallest in the more xeric communities and 


largest in the more mesic ones. Its basal area varies 





Fig. 22. An overgrazed pasture in the dark-brown 
soil zone. Note the abundance of Artemisia frigida. 
August 26, 1948. 
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from 0.2 percent on heavy clay to 1.3 percent in the 
Stipa-Agropyron faciation. 


PHLOX Hoop 
Phlox hoodii Richards. is the second most abundant 
forb of the mixed prairie. It is a low, tufted, mat- 
forming plant with coarse, woody roots. The leaves 
are awl-shaped and overlapping, and about one 
fourth inch long. The flowers are white or ocea- 
sionally pale blue or purple. It is among the most 


conspicuous of the early spring plants, forming 


masses of blossoms. After flowering the plants are 
inconspicuous. 

Growth begins in the brown soil area during the 
first or second week of April. By the end of April 
flowers appear and they are abundant for several 
weeks. Seed is ripe by mid-June. Occasionally 
blooming may recur in August if sufficient soil mois- 
ture is available. The plant is not readily eaten by 
livestock and hence is of little forage value. 

The average number of plants varies from less than 
two to more than six per square meter in different 
grassland communities. The basal area is less than 
0.5 percent in all types except the Agropyron-Muh- 
lenbergia facies, where this Phlox is abundant in 
subseres on eroded soils. It is also plentiful on 
eroded tops of knolls throughout the area. Its matted 
growth renders it efficient in protecting the soil. 
This species composes 10 to 30 percent of the entire 
basal area occupied by forbs and shrubs. On medium- 
to fine-textured soils it occurs with a frequency of 
40 to 60 percent. 


SELAGINELLA DENSA 

The clubmoss, Selaginella densa Rydb., is the only 
non-flowering plant abundant in mixed prairie. This 
low-growing pteridophyte forms dense mats. It 
‘rarely exceeds an inch in height. Growth usually be- 
gins during the first week of April and the strobili 
appear late in the month. The spores mature late 
in May. 

Selaginella covers 6 to 25 percent of the surface of 
soils of medium texture. An average cover is 7 to 
9 percent and the frequency of occurrence 74 to 95 
percent. It is less common on sandy soils and is 
rarely found on clay. It has been observed to in- 
crease undcr protection from grazing and to decrease 
with trampling of grazing animals. However, its 
relations within the habitat are not well understood. 
Clarke et al. (1943) state that “due to its low stature 
and slight moisture requirement it is not considered 
as a dominant of the association despite its great 
abundance.” - 


MALVASTRUM COCCINEUM 
Malvastrum coccineum (Pursh) A. Gray is a small 
perennial forb with a woody base. The grayish- 
colored leaves are often approximately circular in 
outline and divided to the base into wedge-shaped 
lobes. The brick-red flowers are borne in a dense, 
short, raceme-like inflorescence, and are from 0.5 to 
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0.75 inches in width. This species is inconspicuous 
in prairie because of the small size of the plants and 
the searcity of flowers. However, in disturbed placcs 
flowering is profuse and large socies are common. 
Growth begins during the last half of April. Flowers 
first appear early in June, but blooming continues for 
about one month. 

This mallow is most abundant on clay loam, 
solonetzie soils, where it occurs with a frequency of 
68 percent and furnishes 4 percent of the combined 
basal area of forbs and shrubs. Its frequency in the 
Stipa-Bouteloua and Bouteloua-Stipa commun:ties is 
26 and 30 percent, respectively, The average number 
of shoots per square meter varies from two to five in 
various types, except in the Agropyron-Koelena faei- 
ation where the species is much less abundant. 


PULSATILLA LUDOVICIANA 


Pulsatilla ludoviciana (Nutt.) Heller has a thick, 
woody taproot from which arises an erect, hairy stem 
3 to 8 inches high which bears the solitary flower. 
The basal leaves appear after the flower. These have 
long petioles and are very much divided. The in- 
volucral leaves are also cleft but sessile. The flowers 
are mauve or pale blue or sometimes white. They 
are 1.5 to 2.5 inches in width. The flower produces 
numerous achenes with persistent feathery styles 
about an inch long. 

This species is the earliest forb to blossom in mixed 
prairie in Canada. The first flowers usually appear 
about mid-April, and flowering often continues for 
about a month. When moisture is plentiful, bloom- 
ing may recur late in August. 

Pulsatilla is most common on soils of medium 
texture and moderate moisture content. It is most 
abundant in the Stipa-Bouteloua community, where 
it has a frcquency of 23 percent. In the moister 
phases of the Bouteloua-Stipa faciation its frequeney 
is 9 percent. In the Agropyron-Koeleria type its 
frequency is only 3 percent. It is abscnt or rare in 
the drier part of the brown soil zone. Kven where 
the species is most abundant an average of only one 
plant per square meter is usual. 


GUTIERREZIA DIVERSIFOLIA 

Gutierrezia diversifolia Greene is the second com- 
posite in order of abundance. It produces numerous 
dark-green stems from a woody base. Rydberg (1932) 
distinguishes between this species and G. sarothrae 
(Pursh) Britton and Rusby of the central Great 
Plains. The latter species is taller and has narrower 
leaves than G. diversifolia. 

Growth usually begins during the second or third 
week of April, but sometimes earlier. The buds ap- 
pear during the latter half of July, and the yellow 
flowers are conspicuous early in August. Flowering 
often continues throughout that month. In dry years, 
flowering occurs as early as mid-July. Some seed is 
ripe soon after mid-August. Seed production is fre- 
quently poor. 

This species is abundant in all major grasslan | 
communities, The average frequeney of occurrence 
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is 5 pereent in the Agropyron-Koeleria faciation, 8 
in the two types where Bouteloua is the principal 
dominant, and 18 percent in the Stipa-Bouteloua 
faciation. Within the latter community the species 
occurs more frequently in the moister parts (Table 
4). The plant forms large socies on eroded slopes 


(Fig. 14). 
SOLIDAGO SPP. 


The most abundant goldenrod is Solidago glaber- 
Martens. This species is characteristic of 
medium- to coarse-textured soils north of the Cypress 
Hills. It is most abundant in the Stipa-Bouteloua 
type and was not recorded in the Agropyron-Koeleria 
and Bouteloua-Agropyron communities. In the 
moister part of the Stipa-Bouteloua faciation the fre- 
quency averaged 20 percent, while in the drier por- 
tion it was only 6 percent. 

S. dumetorum Lunell is more characteristic of 
slightly drier soils than is the above species. It is 
abundant on soils of coarse texture in the Stipa- 
Bouteloua and Bouteloua-Stipa faciations. Its av- 
erage frequency in these types is 5 to 6 percent. The 
species was not recorded in the Agropyron-Koeleria 
and Bouteloua-Agropyron communities. An unidenti- 
fied species of Solidago occurred with a frequency 
of 3 pereent in the Agropyron-Koeleria type. 

These goldenrods begin flowering in late July and 
occasionally continue until mid-September in years 
when moisture conditions are favorable. The yellow 
flowers constitute a conspicuous part of the autumnal 
aspect. 


rima 


Rosa SPP. 


Roses are the most abundant shrubs in mixed 
prairie in Canada. The species of greatest abundance 
in climax grassland is Rosa arkansana Porter. R. 
suffulta Greene occurs less frequently. The plants on 
medium- to fine-textured soils are dwart, often not 
exceeding 6 to 10 inches in height. Where sandy 
places occur in areas of heavier soil, the plants are 
more vigorous. Usually only these larger plants 
flower. The average frequency varies from 4 to 8 
pereent in the grasslands north of the Cypress Hills. 
In the moister part of the Stipa-Bouteloua faciation, 
species of Rosa occurred in 13 percent of the quad- 
rats. Neither species was recorded in the Bouteloua- 
Agropyron type. R. woodsii Lindl. is characteristic 
of sandhill areas where it commonly grows to a 
height of 6 feet (Fig. 4). Plants of all the species 
bloom during late June and the first half of July. 


SIDERANTHUS SPP. 

Sideranthus spinulosus (Pursh) Sweet is charae- 
teristic of soils of medium texture, where its average 
frequency is 8 percent. It was not recorded in quad- 
rats in the Agropyron-Koeleria or Bouteloua-Agropy- 
ron faciations. Socies of this species and of 8S. 
grindelioides (Nutt.) Britt. are frequent on eroded 
slopes and dry tops of knolls, where the yellow 
flowers are conspicuous in the autumnal aspeet (Fig. 
15). Blossoming begins late in July and continues 
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until mid-September if moisture is available. 8S. 
grindelioides is much less abundant than S. spinulosus. 


CHRYSOPSIS VILLOSA 

Chrysopsis villosa (Pursh) Nutt. also adds to the 
autumnal aspect. This composite is characteristic of 
coarse-textured soils and other dry habitats. Its 
frequency is 9 percent in the Bouteloua-Stipa facia- 
tion. It is less abundant in other types and does not 
occur in the Agropyron-Koeleria community, This 
species is notably resistant to drought and intense 
light and heat (Forest Service 1937). The yellow 
flowers usually appear in late July, but are common 
in areas of sandy soil earlier in this month. 


POTENTILLA SPP. 

The most abundant forbs of the family Rosaceae 
belong to the genus Potentilla. The most common 
species in climax grassland are the perennials, ?. 
concinna Richards. and P. bipinnatifida Doug]. The 
first is low-growing, while the latter is 12 to 18 inches 
high. Two or three additional species occur less 
frequently in upland prairie, while many are found 
in the moist habitats associated with lower slopes 
and margins of sloughs. Species of Potentilla are 
most abundant in the moister grasslands, occurring 
with a frequeney of 12 percent in the Stipa-Bouteloua 
faciation in the Chaplin district. The periods of 
flowering of the various species extend from early 
May to mid-July. Those of dry prairie blossom 
earliest, P. concinna flowering early in May. 

ARTEMISIA SPP. 

Four species of this genus, in addition to A. 
frigida, are abundant in mixed-prairie communities. 
A. cana Pursh is the shrub second in abundanee, be- 
ing outranked only by species of Rosa. It is most 
abundant on soils of coarse texture and is a com- 
ponent of shrub communities in sandhill areas. The 
plants on sandy land rarely exceed 2 feet in height, 
and on heavier soil they are only a few inches high. 
This species has a frequency of 26 percent in the 
Bouteloua-Stipa faciation, where an average of one 
plant is found per square meter (Fig. 23). It is less 
abundant in the other types, not occurring in the 
Agropyron-Koeleria community and in only 3 per- 
cent of the quadrats in the Bouteloua-Agropyron faci- 
ation. 

A, gnaphalodes Nutt. and A. pabularis (A. Nels.) 
Rydb. are found in relatively moist habitats. These 
species have similar ecological requirements, but fre- 
quently only one species occurs in a site. They are 
distributed throughout the Stipa-Bouteloua and 
Bouteloua-Stipa types, where they have a frequency 
of 2 percent. A. pabularis is characteristie of the 
Agropyron-Koeleria faciation where it has a fre- 
quency of 17 percent. These species are part of the 
climax in the moister types but are found only in 
postclimax communities in the dry part of the brown 
soil zone. A. camporum Rydb. is occasionally com- 
mon on sandy soils supporting the Bouteloua-Stipa 
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Fig. 23. View of the Bouteloua-Stipa faciation on 
coarse-textured soil in the dry part of the brown soil 
zone. The conspicuous shrub, Artemisia cana, is char- 
acteristic of parts of this type where internal drainage 
is excessive. 


faciation. The small, yellow flowers of Artemisia ap- 
pear during August and the first part of September. 


OTHER Fors AND SHRUBS 

Two genera of legumes are frequent. Psoralea 
argophylla Pursh has a frequeney of 2 to 4 percent in 
the Stipa-Bouteloua and Bouteloua-Stipa faciations. 
It is adapted to moist soils of medium texture. P. 
lanceolata Pursh is characteristic of sandy soils, oe- 
curring with an average frequency of 10 percent in 
the Bouteloua-Stipa type. It is also a sand-binding 
pioneer. Astragalus flecuosus Dougl., A. pectinatus 
(Hook.) Dougl. and A. striatus Nutt. are frequent 
in the climax. The first has a frequency of 7 percent 
in the moister part of the Stipa-Bouteloua type. The 
second is most abundant in the Bouteloua-Stipa com- 
munity, where its frequency is 2 percent. A. striatus 
is characteristic of the Agropyron-Koeleria faciation, 
where it occurs in 15 percent of the quadrats. A. 
caespitosus A. Gray and A. missouriensis Nutt. are less 
abundant. 

Other legumes are common. Thermopsis rhombi- 
folia (Nutt.) Richards. oceurs on sandy soils, with 
a frequency of 6 percent in the Bouteloua-Stipa com- 
munity. Vicia sparsifolia Nutt. and Oxytropis spp. 
are characteristic of clay soils, the former being in 
11 pereent of the quadrats listed in the Agropyron- 
Koeleria type. Petalostemon purpureus (Vent.) 
Rydb., P. candidus (Willd.) Miehx. and Glycyrrhiza 
lepidota Nutt. are less frequent on soils of medium 
texture. 

The flowering periods of these legumes range from 
late May to late July. Thermopsis rhombifolia is the 
earliest legume to bloom, while Psoralea argrophylla 
and Petalostemon spp. are among the latest. 

In addition to the several composites already dis- 
cussed, many others are less abundant or oceur only 
in one grassland type. Aster ericoides L. is the next 
in abundance to Artemisia frigida in the Agropyron- 
Koeleria faciation, where it has a frequeney of 41 
pereent. Its frequency is 7 percent in the moist part 
of the Stipa-Bouteloua community; it is uncommon 
elsewhere in the climax. 

Other composites that are abundant in the Agro- 
pyron-Koeleria faciation in¢lude Achillea lanulosa 
Nutt., Cirsium undulatum (Nutt.) Spreng., Anten- 
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naria microphylla Rydb., Lepachys columnifera 
(Nutt.) Rydb. and Gaillardia aristata Pursh. These 
occur in 23, 7, 5, 4 and 1 percent of the quadrats, 
respectively, in this type. 
is also abundant in the Bouteloua-Agropyron facia- 
tion, where it occurs in the “burn-outs.” 
(Hook.) Cockerell is common in 
the latter community. Lygodesmia juncea (Pursh) 
D. Don is abundant on sandy soils. Liatris punctata 
Hook. is common in the Stipa-Boutelcua faciation, 
where it was found in 4 percent of the quadrats in 
the Chaplin district. 
are less frequent. 

These composites include species belonging to the 
estival and autumnal aspects. Antennaria, Hymen- 
oxys and Achillea flower during June, Gaillardia and 
Lepachys early in July, and Lygodesmia and Aster 
blossom during late July and August. 

Three species of cactus occur. 
ated with relatively dry habitats. Opuntia fragilis 
(Nutt.) Haw. is characteristic of coarse-textured soils, 
having a frequency of 5 percent in the Bouteloua- 
Stipa faciation. O. polyacantha Haw. is frequent 
on heavy soils, where it was found in 12 and 3 per- 


Antennaria microphylla 


Hymenoxys 


richardsonii also 


Senecio spp. and Agoseris spp. 


These are associ- 


cent of the quadrats, respectively, in the Bouteloua- 


Agropyron and Agropyron-Koeleria e¢ommunities. 
Mamillaria vivipara (Nutt.) Haw. is less common 


but was observed with a frequency of 1 to 2 percent 
in various grasslands. It does not oceur in the Agro- 
faciation, however. The dark-red 
flowers of Mamillaria and the yellow ones of Opuntia 
are conspicuous during the latter part of June and 
early July, especially on eroded slopes where socies 
of these species are common. 

The family Chenopodiaceae, although contributing 
mostly to subclimax vegetation, is represented by 
three species abundant in climax grassland. Cheno- 
podium leptophyllum Nutt. is the most common an- 
nual in the climax. It is abundant in dry habitats 
on both light and heavy soils. Its frequeney is 39 
percent in the Agropyron-Koeleria type, where an 


pyron-Koeleria 


average of less than 2 plants was found per square 
meter. It is less frequent in the Bouteloua-Stipa 
and Bouteloua-Agropyron communities, being found 
in only 4 or 5 percent of the quadrats. Atriplex nut- 
tallii S. Wats. and Eurotia lanata (Pursh) Mogq. are 
the most abundant half-shrubs in the Canadian mixed 
prairie. These are especially characteristic of dry 
habitats. Eurotia is the more abundant. Its fre- 
quency is 17 and 24 percent in the Agropyron-Koel- 
eria and Bouteloua-Agropyron faciations, respectively 
(Fig. 16). Atriplex was found in 10 percent of the 
quadrats in the latter type. In other communities 
these species are less frequent, although they are 
common on soils cf coarse texture in dry parts of the 
brown soil zone. 


The inconspicuous flowers appear 
between mid-June and mid-July. 

Androsace puberulenta Rydb. is common in the 
drier locations of the Stipa-Bouteloua type. 

The only shrubs besides Rosa spp. and Artemisia 
cana that oceur commonly are Symphoricarpos occi- 
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Hook. and Elaeagnus commutata Bernh. 
These species are abundant in postelimax eommuni- 
ties throughout the grassland region (Fig. 7). They 
are not found in climax grassland in the dry part of 
the brown soil zone. In the moister areas, dwarf 
plants may frequently be seen on upland. In sandy 
places in areas of heavier soil, they are common and 
conspicuous since they reach a height of 2 to 3 feet 


(Fig. 24). 


dentalis 





Fig. 24. 


Elaeagnus commutata invading a part of the 
Stipa-Agropyron faciation in the dark-brown soil zone. 
This species invades portions of grassland which are 


sheltered or are underlain by coarse-textured subsoil. 


Cerastium arvense L., Linum lewisii Pursh, Arabis 
hirsuta (.) Seop. var. pycnocarpa (Hopkins) Rol- 
lins, Galium boreale L. and Polygonum sp. are chiefly 
limited in distribution to areas of heavy soil. They 
oceur with a frequency of 7, 15, 5, 1 and 1 percent, 
respectively, in the Agropyron-Koeleria type. 

Species characteristic of grassland on sandy soil 
include Gaura coccinea Nutt., Comandra pallida A. 
DC., Lappula echinata Gilib., Cryptantha fendleri 
(A. Gray) Greene, Chamaerhodos nuttallii Picker- 
ing and Leptilon canadense (l.) Britt. Sieversia cili- 
ata (Pursh) G. Don dry 
prairie but is more characteristic of moist habitats. 
Plantago purshii R. and S. is common on solonetzie 
soils, but Eriogonum flavum Nutt. is characteristic of 
eroded slopes. Orobanche fasciculata Nutt. is the 
only parasitic seed plant frequent in mixed prairie 
of Canada. 


occasionally oceurs in 


SEASONAL ASPECTS 

Weaver and Fitzpatrick (1934) have diseussed the 
four seasonal aspects of true prairie. Clements and 
Shelford (1939) state, regarding mixed prairie, that 
the number of forbs which characterize the aspect 
societies, while large, is considerably less than in true 
prairie. The abundance of individuals is likewise re- 
duced, both features being consequences of compe- 
tition for a lower water content of soil due to de- 
creased rainfall. Clements and Shelford recognize 
four aspects in mixed prairie. 

The prevernal and vernal aspects in Canada are of 
much shorter duration than in the mixed prairie of 
the central and southern Great Plains. The number 
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of species is also reduced. The shorter growing 
season results in a later awakening of plants in the 
spring. However, after growth has begun, the 
prairies bring forth abundant blossoms, especially 
in the estival aspect. 

The number of species contributing to the prevernal 
aspect is small. Pulsatilla ludoviciana is the first to 
flower, usually about the middle of April. The stro- 
bili of Selaginella densa appear soon thereafter. Be- 
fore the end of April blossoms of the early species 
of the vernal aspect often become evident. Among 
these are Androsace puberulenta, Astragalus caespito- 
sus, Carex filifolia, Lomatium villosum, Phlox hoodii 
and Thermopsis rhombifolia. 

In early May the vernal aspect holds sway. In 
addition to the species already mentioned, Potentilla 
concinna and Sieversia ciliata usually flower before 
the middle of May. Later species of the vernal as- 
pect include Lithospermum linearifolium, Pentstemon 
nitidus, Cerastium campestre and Carex eleocharis. 

By late May flowers of the early species of the esti- 
yal aspect begin to appear. These include Achillea 
lanulosa, Astragalus pectinatus, A. goniatus, Anten- 
naria microphylla, Cheirinia aspera, C. inconspicua, 
Comandra pallida, Hymenoxys richardsonii, Gaura 
coccinea, Lappula echinata, L. occidentalis, Oxytropis 
spp., Linum lewisii and Vicia sparsifolia. The num- 
ber of species flowering early in June is augmented by 
Anemone canadensis, Arnica fulgens, Astragalus 
bisulcatus, Aster ericoides, Chamaerhodos nuttallii, 
Elaeagnus commutata, Eriogonum flavum, Galium 
boreale, Malvastrum coccineum, Mamillaria vivipara, 
Pentstemon albidus, P. procerus and Rosa_ spp. 
Among the grasses, Koeleria cristata and Poa se- 
cunda are earliest to flower, usually before the middle 
of June. 

During the latter half of June several other species 
attain their maximum production of flowers. Among 
these are Opuntia fragilis, O. polyacantha, Pent- 
stemon gracilis, Potentilla spp. and Symphoricarpos 
occidentalis. This is also the period of anthesis for 
Stipa, Agropyron and Calamagrostis montanensis. 
Before the end of June many of the early summer 
species have completed flowering. The latest species 
of the estival aspect blossom late in June but may con- 
tinue to flower during much of July. These include 
Atriplex nuttallii, Campanula petiolata, Cryptantha 
fendleri, Glycyrrhiza lepidota, Petalostemon candidus, 
P. purpureus, Psoralea argophylla and P. lanceolata. 

During early July the first flowers of the autumnal 
aspect appear. Blossoms of Chrysopsis villosa, Gail- 
lardia aristata, Grindelia perennis, Lepachys columni- 
fera, Liatris punctata, Lygodesmia juncea and Sen- 
ecio spp. become conspicuous. They continue to pro- 
duce flowers during early August. Bouteloua gracilis 
and Muhlenbergia cuspidata also bloom at this time. 

Other autumnal species blossoming during late July 
are Gutierrezia diversifolia, Sideranthus grindelioides 
and S. spinulosus. The yellow flowers of societies of 
Solidago dumetorum and 8S. glaberrima add much 
color to the autumnal aspect. About the middle of 
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August species of Artemisia come into bloom. Despite 
the small size of their flowers, Artemisia cana, A, 
frigida, A. gnaphalodes and A. pabularis add tone to 
the aspect. Although most of the flowers of the 
autumnal aspect are yellow, other colors occur. A 
blue tinge is furnished by Aster laevis, Dasystephana 
affinis and Lygodesmia juncea and one of white by 
Anogra nuttallii. 

Although the autumnal aspect generally wanes 
early in September, blossoming of Artemisia and 
Solidago often continues until late in the month. In 
years when moisture is available in autumn, some of 
the prevernal and vernal plants begin a second repro- 
ductive cycle. Among these are Phlox hoodii, Pul- 
satilla ludoviciana and Androsace puberulenta, 

A partial overlapping of the seasonal aspects some- 
times occurs. During dry years the species of the 
autumnal aspect begin flowering in June while the 
summer aspect is still conspicuous. In late springs 
the blossoming cf vernal species is delayed, thereby 
causing overlapping of the vernal with the estival 
aspect. Duration of flowering varies greatly with 
the species. Some plants bloom for a month or longer 
and may contribute to two aspects. 


FORAGE YIELD AS A MEASURE 
OF ENVIRONMENT 

Weaver (1924) compared environmental factors 
with the growth of vegetation in true prairie, mixed 
prairie and the short-grass disclimax of Colorado. 
Clarke et al. (1943) studied the effects of climatic 
factors on forage production of native grassland in 
southeastern Alberta during the period 1931 to 1939 
and concluded that variations from year to year in 
forage yield were influenced mainly by moisture con- 
ditions, particularly as reflected in the precipitation- 
evaporation ratio for the growing season, They state 
further that “moisture from rains of the previous 
fall or from winter snow did not appear to be nearly 
so important as precipitation during the growing 
season.” The same authors found that quadrats dom- 
inated by Bouteloua gracilis, Stipa comata and Agro- 
pyron smithii when clipped in the fall yielded, re- 
spectively, 148, 246 and 336 pounds of dry matter per 
acre on the average from 1934 to 1939 inclusive. 

During the present study permanent clipping sites 
were established in exelosures in the Grassland Re- 
search Arcas. The plots were clipped in the autumn 
of each year, at a height of 1.5 to 2 inches. Late clip- 
ping was practiced in order to reduce the effect on 
the vigor of the plants due to annual removal of the 
foliage. Data obtained in the various mixed-prairie 
communities are presented in Table 12. The variabil- 
ity in the yield of the same sites from year to year 
is presumed to be caused mostly by differences in 
amount of soil moisture. The relative yields of the 
several sites in different years also varies, presum- 
ably because of fluctuations in the distribution of 
precipitation throughout the area. The data are not 
sufficiently complete to permit accurate comparisons 
of the yields in various Canadian grassland types, but 
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TABLE 12. Forage yield in various grassland com- 
munities in pounds of dry matter per acre. 
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they do show the relatively low productivity of these 
grasslands. The yields in the Agropyron-Koeleria 
and the sandhill grassland types tended to be higher 
than those in the other communities. 


UNDERGROUND PLANT MATERIALS AS A 
MEASURE OF ENVIRONMENT 

Shively and Weaver (1939) investigated the 
amount of underground plant materials at five sta- 
tions from southwestern Iowa to eastern Colorado. 
They found that communities of Bouteloua gracilis 
and Buchloe dactyloides produce 2 to 2.35 tons per 
acre of underground materials in the upper 4 inches 
of soil. They also found that the amount of under- 
ground plant materials in the upper 4 inches of up- 
land prairie soil decreased from an average of 3.35 
tons per acre in southwestern Iowa to 2.19 tons per 
acre in north-central Kansas and eastern Colorado. 
The decrease in yield was associated with a decrease 
in precipitation from 33 to 17 inches. The average 
mean annual temperature ranged from 49° to 53° F. 

During 1947, 19 one-half square-meter samples were 
excavated in various sites from Swift Current to 
Manyberries. The methods used in obtaining the 
sample and separating the plant materials from the 
soil are similar to those of Shively and Weaver. <A 
stream of water from a hose was employed to loosen 
soil from the sods. The plant materials were then 
separated from the soil over a series of screens, the 
smallest of which had 12 meshes per inch. The data 
obtained from these samples are presented in Table 
13. 

TABLE 13. Dry weight of underground plant parts 
in four communities in mixed prairie of southwestern 


Saskatchewan and southeastern Alberta. The amount 
of plant material is expressed in tons per aere. 





| | 
Tons Per AcRE 





Community No. of |————_—_—_,—_——_—_—— 
| samples \0 to 4 inches | 4 to 8 inches 
Stipa-Bouteloua...... | 9 6.28+0.88 | 1.34+0.14 


| 
| 4.30+0.58 


Bouteloua-Stipa. . . g 0.85+0.05 
Stipa-Agropyron...... 1 6.22 | 1.23 
Agropyron consocies. . . | 1 1.20 0.86 
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The number of samples obtained is sufficient only 
to establish trends. It is significant, however, that 
the 18 fully developed mixed-grass sites in the brown 
soil zone produced an average of 5.40 tons per acre 
in the upper 4 inches of soil, compared with the much 
lower figure obtained by Shively and Weaver farther 
south in the mixed prairie (Table 14). The higher 
content of plant parts in the soil probably has sig- 
nificant implications with respect to soil development. 


TABLE 14. Comparison of certain environmental fac- 
tors in the northern and central Great Plains and the 


production of underground plant parts associated with 
each region. 





| 
W. Kansas! | S. W. Sask.- 








Environmental factor E. Colo. S. E. Alta. 
Mean annual precipitation (in.) | 16 - 24 11-14 
Mean annual temperature (°F.) . 47 - 54 38 - 41 
Yield of underground plant parts, 

tons per acre in 0 to 4-in. layer 2.19 5.40 
Organic matter of soils, percent . | 2.3 -4.6 4.6 -6.2 





1 Data from Shively and Weaver (1939). 


The higher content of organic matter in the northern 
Great Plains may be associated to some extent with 
a greater supply of underground plant materials. 
However, under the lower temperatures associated 
with this area, decomposition of dead roots and un- 
derground stems is probably slower. This is in ae- 
cord with the researches of Jenny (1930). A larger 
proportion of dead plant materials may therefore 
occur in the yields ascertained in this area compared 
with those of Shively and Weaver. 


SUCCESSION AND INVASION 

Subclimax vegetation occurs on azonal soils assv- 
ciated with poorly drained low areas and places of 
accumulation of soluble salts. The former are occu- 
pied by late stages of the hydrosere. Salt flats sup- 
port halophytie communities. Other extensive sub- 
seres occur as a result of the activities of man and 
his domesticated animals. Ruderals are also present 
in the climax due to various disturbing influences. 


VEGETATION OF Low-LYING AREAS 

Throughout the mixed-prairie region a considerable 
acreage is occupied by postclimax vegetation associ- 
ated with alluvial soils. These soils occur where addi- 
tional moisture is received as runoff from adjacent 
uplands or from overflowing streams during floods. 
The composition of this vegetation varies considerably 
with conditions of drainage. Sloughs and meadows 
in poorly drained, saucer-like depressions support 
mesophytie vegetation similar to that in minor water 
courses or coulee bottoms where water flows infre- 
quently (Fig. 25). 

Throughout areas of rolling topography, meadows 
and sloughs are common in poorly drained locations. 
The vegetation is that of the sedge-meadow and shrub 


stages of the hvdrosere. The center of a depression 











A ecoulee in the dark-brown soil zone near 
Note the dense growth of coarse grasses and 


Fig. 25. 
Saskatoon. 
sedges in the bottom of the coulee and the fringe of 


shrubs. The latter are more abundant on the east- 
facing slope (left), which is protected from the pre- 
vailing westerly winds. 


has the highest water content, which decreases to- 
wards the margin. This moisture gradient results in 
the development of several more or less concentric 
zones of vegetation around the depression. The 
zoning varies considerably in different meadows, be- 
ing frequently conspicuous. The center is often oc- 
cupied by Carex spp., Eleocharis palustris and Beck- 
mannia syzigachne. A narrow zone surrounding this 
may be conspicuous at certain times of the year due 
to the presence of Hordeum jubaium, and an outer 
zone, dominated by Calamagrostis inexpansa and C. 
canadensis, often occurs. Other associated species 
are Agrostis hiemalis, Deschampsia caespitosa, Col- 
lomia linearis, Persicaria nebraskensis, Stachys scopu- 
lorum, Gaura glabra, Ranunculus spp., Rumex mexi- 
canus, Geum strictum, Urtica procera, Stellaria spp., 
Often a 
fringe of shrubs, chiefly Symphoricarpos occidentalis, 


Glyceria grandis and Hierochloe odorata. 


occurs outside the area occupied by herbaceous species. 
In the dark-brown soil zone the meadows are often 
similar to those of the forest zone to the north, 
Fluminia festucacea, Carex atherodes and C. rostrata 
being dominant. 
dant. 

Vegetation of coulees likewise varies greatly, de- 
pending on moisture conditions. The coulees in roll- 
ing areas of deep glacial deposits are often 20 to 30 
feet or more below the level of the surrounding 
prairie (Fig. 26). Those in undulating to gently 
rolling topography are frequently only a few feet 
deep (Fig. 18). The vegetation of the deeper coulees 
is characterized by the abundance of Carex spp., 
Scirpus americanus, Eleocharis palustris, Calama- 
grostis inexpansa, Deschampsia caespitosa, Juncus 
ater and Helianthus petiolaris, together with less con- 
spicuous species. As in sloughs and meadows, there 
is often a fringe of shrubs along the edge of the 
coulee, where the soil is fairly moist but is not 
flooded for any considerable period. In _ coulees 
associated with the shallow deposits of till south of 
the Cypress ridge three distinct communities oceur, 
as follows: 


Carex aquatilis is also very abun- 
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Fie. 26. 
eoulee in the brown soil zone. 
ground supplies water throughout the summer. 
shrub in the foreground is Elacagnus commutata. 


Coarse grasses and sedges growing in a 


A spring in the back- 
The 


(1) In the stream-course, where water stands for 
part of each year, there is a sparse cover consisting 


chiefly of Eleocharis palustris, E. 
Carex spp. 


acicularis and 


(2) On portions of the coulee bottom slightly above 
the water level there is a stand of Des- 
champsia Poa Hordeum ju- 
batum, Agrostis hiemalis and Carex spp. 


denser 

caespitosa, canbyi, 

(3) At the edges of the coulee bottom or on sheltered 
slopes patches of Rosa spp. and Symphoricarpos 
occidentalis abound. In addition, Salix interior and 
other species of willow often occur along the bot- 
tom of coulees where favorable moisture condit ons 
are combined with shelter from wind. 

Frequently springs arise along the coulees. Where 
these oceur moisture is abundant throughout the sum- 
mer, thereby modifying the vegetation. Here Scir- 
pus validus is common. 

In the moderately moist habitats adjacent to low- 
lying areas Agropyron pauciflorum, Stipa viridula, 
Poa canbyi and Muhlenbergia squarrosa are abundant 
in the dry part of the brown soil zone. In the moister 
part of the brown soil zone, and especially in the 
dark-brown soil zone, other species are abundant in 
such locations, notably, Festuca scabrella, Agropyron 
subsecundum and Avena hookeri. Andropogon sco- 
parius has been observed in this habitat in the area 
southeast of Saskatoon. Other species which are 
characteristic here are listed below, 

Achillea lanulosa Nutt. 


Agoseris turbinata Rydb. 
Allium textile Nels. and Macbr. 


Anemone canadensis L. 

Antennaria microphylla Rydb. 
Arnica fulgens Pursh 

Artemisia gnaphalodes Nutt. 
Artemisia pabularis (A. Nels.) Rydb. 
Astragalus goniatus Nutt. 
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Bilderdykia convolvulus (L.) Dum. 
Campanula petiolata A. DC. 
Carex heliophila Mack. 
Cerastium campestre Greene 
Cirsium undulatum (Nutt.) Spreng. 
Crepis sp. 
Drymocallis agrimonioides (Pursh) Rydb. 
Elaeagnus commutata Bernh. 
Erigeron asper Nutt. 
Erigeron oligodonatus Lunell 
Gaillardia aristata Pursh 
Galium boreale L. 
Gaura coccinea Nutt. 
Glycyrrhiza lepidota Nutt. 
Heuchera richardsonti R. Br. 
Hierochloe odorata (li) Beauv. 
Leptilon canadense (L.) Britt. 
Lupinus sp. 
Pentstemon albidus Nutt. 
Pentstemon gracilis Nutt. 
Pentstemon nitidus Doug]. 
Pentstemon procerus Doug}. 
Poa cusickii Vasey 
Pulsatilla ludoviciana (Nutt.) Heller 
Salix barclayi Anders. 
Salix bebbiana Sarg. 
Senecio spp. 
Sisyrinchium angustifolium Miller 
Thermopsis rhombifolia (Nutt.) Richards. 
Zizia cordata (Walt.) Koeh 
Zygadenus gramineus Rydb. 
VEGETATION OF SALT FLATS 
Saline soils are common 
Canada. They occur chiefly 
where drainage is poor. 


in the mixed prairie of 
in flat to depressed areas 
They are also found in the 
beds of streams, dry lakes and sloughs, being de- 
veloped chiefly on recent alluvial and lacustrine de- 
posits. The associated salts are principally sodium 
sulphate, magnesium sulphate and sodium chloride. 
Sodium carbonate or “black alkali” rarely occurs 
(Mitchell et al. 1944). 

The vegetation of saline areas was not studied in 
detail, but sufficient observations were made to ascer- 
tain the dominants of the principal communities. 
Zonation is conspicuous. The zone of highest con- 
centration of soluble salts, located in the center of 
salt flats, is frequently free of all vegetation, espe- 
cially late in summer when evaporation bas caused an 
increase in salt concentration near the surface. How- 
ever, areas dominated by Scirpus paludosus oceur 
throughout this zone where salt concentration is lower 
because of better drainage or an additional moisture 
supply. Four species are plentiful because of their 
ability to tolerate high concentrations of salts. They 
are Salicornia rubra, Suaeda despressa, S. erecta and 
Atriplex hastata (Fig. 27). These species occur in 
mixed or pure stands in the zone surrounding the 
bare, central area. Species comprising outer zones in- 
clude Distichlis stricta, Hordeum jubatum, Spartina 
gracilis, Triglochin maritima, palustris, 
Chenopodium rubrum and Glaux maritima. Under 
other conditions of concentration of soluble salts 
Puccinellia nuttalliana, Sarcobatus vermiculatus and 


Eleocharis 
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Poa spp. are abundant (Fig. 28). Rawson and Moore 
(1944) have discussed the distribution of common, 
rooted, aquatie plants in lakes in Saskatchewan with 
varying degrees of salinity. 





Zonation in a saline flat in the dark-brown 


Fig. 27. 


soil zone near Saskatoon. The zone of highest salt 


concentration is occupied by Suacda depressa, while the 
iess saline area on the right is dominated by Hordeum 
September, 1248. 


jubatum. 





Fig. 28. Vegetation in an alkali flat in the dry part 
of the brown soil zone. The shrub is Sarcobatus vermicu- 
latus and the grass is chiefly Puccinellia nuttalliana. 


The fringe of vegetation that occupies the moist 
zone surrounding areas of salt accumulation consists 
of the same species which occur in similar loca- 
tions bordering non-saline areas. 

ABANDONED LANDS 

In areas of sandy soil a considerable proportion of 
the vegetation is in a subsere stage because of past 
disturbance by cultivation. The vegetation in 13 fields 
was examined in the brown soil zone. It represented 
various stages of succession. The principal plants 
of the annual weed stage are Sisymbrium altissimum, 
Salsola pestifer, Lepidium densiflorum and Thlaspi 
arvense. Species which are usually dominant during 
the perennial weed stage frigida, 
Chamaerhodos nuttallii, dumetorum and 
Rosa spp. The first grasses to appear are Agrostis 
hiemalis and Hordeum These are fol- 
lowed by longer-lived species, namely, Agropyron 
smithii, A. dasystachyum, Stipa comata, S. 
var. curtiseta, S. viridula Hierochloe 


are Artemisia 


Solidago 
jubatum., 


spartea 


and odorata. 


The relative abundance of the species in various stages 
varies with differences in soil texture and water con- 
The probable length of time required for vege- 


tent. 
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tation to approach a stage of equilibrium ranges from 
about 15 to 40 years. This varies with the number 
of years the land has been cultivated, with the inten- 
sity of the cultivation, and the moisture conditions 
during the first year or two after abandonment. The 
climate of the area and the nature of the soil are 
also determining factors. 


GRAZING DISCLIMAXES 

A considerable portion of the entire vegetation has 
been modified by overgrazing. The nature of the re- 
sulting subseres and the response of the principal 
species to grazing have been adequately discussed by 
Clarke and his associates (Clarke 1930, Clarke & 
Tisdale 1936, Clarke et al. 1942, 1943). In general, 
overgrazing has resulted in decrease in vigor of the 
mid and of plants furnishing palatable 
browse. In dry locations a consocies of Bouteloua 
gracilis is the most common indicator of overgrazing. 
Under severe grazing and trampling Care. eleocharis 
gains in density at the expense of the grasses. 


grasses 


RUDERALS 

Invaders enter the grassland climax in all places 
where the cover has been disturbed. The principal 
agents of disturbance are animals and man. Gophers 
and other burrowing animals excavate holes and pile 
the soil in mounds which cover the climax grasses. 
Serules resulting from such disturbance are abun- 
dant. Old ‘roads, trails, and areas trampled by 
grazing animals are other locations where ruderals 
are able to invade an otherwise closed community. 
The principal ruderals in the areas studied are listed 
below in the approximate order of their abundance. 


Sisymbrium altissimum L. 

Salsola pestifer A. Nels. 

Solanum triflorum Nutt. 

Grindelia perennis A. Nels. 
Bilderdykia convolvulus (L.) Dum. 
Lappula echinata Gilib. 

Chenopodium album L. 

Amaranthus graecizans L. 

Cheirinia inconspicua (S. Wats.) Rydb. 
Monolepis nuttalliana (Schult.) Greene 
Allionia hirsuta Pursh 

Chamaerhodes nuttallii Pickering 


CONTACTS OF MIXED PRAIRIE 

Throughout its extensive margin in Canada the 
mixed prairie is in contact with two adjacent grass- 
land associations. Along its western and northern 
boundaries it contacts the fescue association, which 1s 
climax on black soils (Moss 1944, Moss & Campbell 
1947). True prairie (Bird 1927, Weaver & Fitz- 
patrick 1934) replaces mixed prairie in southeastern 
Saskatchewan. The transition between the 
grassland and the true prairie in east-central Sas- 
katchewan has not been studied. 
associated with both of these major grassland associ- 
ations. The width of the aspen savannah varies from 
50 to 150 miles (Moss 1932, Bird 1930, Moss & 
South-facing slopes in the black 


fescue 


Aspen groves are 


Campbell 1947). 
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soil zone support preclimaxes of mixed grasses (Fig. 
29). 





Fig. 29. 
climax on a south-facing slope in the black soil zone, 
This 20 percent slope is Cominated by Stipa and Agro- 


Mixed-prairie vegetation occurring as a pre- 


pyron. Associated species include Bouteloua gracilis, 
Calamagrostis mentanensis, Artemisia frigida and Sym- 
phoricarpos occidentalis. The structure and composition 
of the vegetation is similar to that found on level areas 
in the dark-brown soil zone about 100 miles farther 
south. August 18, 1948. 


The vegetation of the Cypress Hills has developed 
under different climatic conditions than the sur- 
rounding mixed-prairie climax. Here the greater 
elevation has resulted in the development of a conif- 
This 
forest of the 


erous forest on the upper north-facing slopes. 
forest is similar to the 
Rocky Mountains. At present it consists of a fire 
subelimax of On the benehland 
and upper south-facing slopes fescue grassland is 
found. 


submontane 


Pinus murrayana. 


The Great Sand Hills oeceupy a large acreage in 
southwestern Saskatchewan between the Cypress Hills 
and the South Saskatchewan River. The vegetation 
cf this and a number of smaller areas of sand repre- 
sents a postelimax, mostly tall-grass community. This 
forms another contact with the mixed prairie. 

VEGETATION OF SANDHILL AREAS 

Dune sands are widely distributed throughout the 
area studied. 
worked by 


They consist of alluvial s»nds, re- 
wind into dune formations, consist ng 
chiefly of fine sands. Undifferentiated sands are less 
extensive. These consist chiefly of mixed, fine to 
coarse sands which do not drift as readily as the more 
uniform sands of the dune type. 

Since the vegetation of sandhill areas is in various 
stages of succession, no attempt was made to sampie 
Enough 
sampling was done, however, to ascertain the relative 
importance of the various species within the dune 
area. The vegetation of the dunes and level areas 
between them is comparatively constant throughout 
the brown and dark-brown The depth 
of the water table is apparently important in de- 
termining the type of vegetatien occurring in differ- 
ent locations. 


the vegetation. on a large number of sites. 


soil zones. 
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The grassy areas on exposed slopes of dunes are 
dominated by three grasses during the early stages 
of revegetation (Fig. 30). These are Sporobolus 
cryptandrus, Calamovilfa longifolia and Oryzopsis 
hymenoides. Elymus canadensis is associated with 
these. During the later stages of succession Stipa 
comata replaces these three grasses as the dominant. 
During the present study one dune area was followe.] 
through these stages of succession, In 1941 the three 
pioneers composed 68 percent of the vegetat on, which 


oceupied only 6.78 percent of the soil surface. Stipa 


comata formed less than 8 percent of the plant cover. 





rt 5 a . Laas - 

Fig. 30. An early stage of plant succession on sand 
dunes. The dominant grasses are Calamovilfa longifolia 
and Sporobolus cryptandrus, and the most abundant forb 
is Psoralea lanceolata. 


By 1946 this species was the principal dominant. 
Twenty-three percent of the basal cover consisted of 
forbs in 1941. The most abundant of these were 
Artemisia frigida and Psoralea lanceolata, which to- 
gether made up two-thirds of the forb cover. Annual 
forbs are abundant in vegetation on sand, constituting 
as much as 19 percent of the total forb area in some 
sites. Cryptantha fendleri is among the most com- 
mon of these. 

The undulating to gently rolling areas between sta- 
hilized dunes are often dominated by shrubs. The 
water table is usually within 8 to 12 feet of the soil 
surface in these locations. The dominant shrub is 
Rosa woodsii, but Artemisia cana and Elaeagnus com- 
mutata are also abundant. Prunus melanocarpa and 
Salix spp. are frequently common (Figs. 4 and 31). 
Artemisia frigida is the most abundant forb in the 
community and Solidago common. 
Numerous other perennial and some annual forbs are 
less frequent. 


glaberrima  ¢s 


The grasses of the dunes are common 
in the lower layer of vegetation. The shrub com- 
munity is sometimes interrupted in depressed places 
where the soil is a little heavier in texture. Here, 
small sedges, especially Carex heliophila, and such 
grasses as Spartina gracilis, Muhlenbergia asperifolia 
and Poa spp. are abundant. 

On bare sand, Rumewx venosus is the first pioneer. 
It is followed closely by perennial creep:ng species 
such as Psoralea lanceolata and Calamovilfa, whieh 
are sand binders. 
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Fig. 31. The leeward east side of a small, moving 
dune. The shrub is Prunus melanocarpa. The grass is 


Calamovilfa longifolia. 


Shrubs, and occasionally trees, are dominant on the 
leeward (east-facing) side of dunes. Populus tremu- 
loides and P. tacamahacca are adapted to this habitat, 
since they can withstand considerable burial of the 
trunk by sand without succumbing. In the dark- 
brown soil zone, these species are also common be- 
tween the dunes where the water table is close to the 
soil surface. Juniperus horizontalis and J. com- 
munis var. montana are important stabilizing pioneers 
on exposed sandy slopes, especially in the dark-brown 
soil zone (Fig. 32). A layer of Arctostaphylos uva- 
ursi is frequently found under socies of the latter 
species. This habitat apparently represents a drier 
phase of conditions which exist in the black soil zone 


about 50 miles farther north, There similar sites 


are dominated by Pinus banksiana. 





Fig. 32. Juniperus horizontalis acting as a pioneer on 
recently established sand in the dark-brown soil zone. 
The groves of Populus tremuloides in the background are 
characteristic of sandy areas in the moister part of 
the region. Rosa sp. is also abundant. August, 1948. 
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Relatively few studies of an ecological nature have 
been made in typical mixed prairie, despite its im- 
portance and vast extent. This is particularly true 
of the northern Great Plains. The present research 
was undertaken to examine the structure of the vege- 
tation of the mixed prairie of western Canada, to 
formulate a comprehensive natural classification of 
the types of vegetation, and to consider certain eco- 
logical characteristics of the chief species composing 
the various plant communities. This work was done 
during 1941 to 1948. 

The mixed-prairie region in Canada extends from 
the foothills at the base of the Rocky Mountains east- 
ward along the International Boundary to the viecin- 
ity of the boundary between Saskatchewan and Mani- 
toba. The area forms a triangle from this base, the 
apex of which is loeated over 200 miles northward 
along the Saskatchewan-Alberta boundary. Canadian 
mixed prairie lies in contact with the fescue grass- 
land on the west and north, and with true prairie 
on the east. 

The area is entirely within the northern Great 
Plains. The slope of the land is chiefly to the east. 
The mixed prairie is located on the second and third 
“prairie steppes,” which range in altitude from 1,250 
to 4,000 feet above sea level. Exterior drainage is 
mainly to the north and east into Hudson Bay, but 
portions of the southern part are drained by tribu- 
taries of the Missouri River. Very little of the 
precipitation within the area is lost through exterior 
drainage. Local drainage conditions vary greatly 
because of differences in topography and parent ma- 
terials of soils. 

The surface geological deposits and parent ma- 
terials of the soil are chiefly of glacial origin, Areas 
occur, however, where the underlying preglacial ma- 
terials have been exposed by erosion. Deposits of 
boulder clay are most extensive and are associated 
with soils of medium texture, the frequent presence 
of glacial stones and boulders, and undulating to hilly 
topography. Alkali-solonetzie soils occur where thin 
glacial deposits are modified by underlying shales. 
Glacio-fluvial and lacustrine deposits are also promi- 
nent. The brown and dark-brown soils support 
mixed-prairie vegetation. The zone of calcium car- 
bonate accumulation generally occurs within 18 inches 
of the soil surface. Total nitrogen content of soil 
varies from 0.14 to 0.40 percent and organic matter 
ranges from 4.62 to 6.17 percent. 

The climate is characterized by great annual ex- 
tremes in temperature and by comparatively low an- 
nual precipitation. Low precipitation, high summer 
temperatures, and dry winds frequently make soil 
moisture the limiting factor for plant growth. The 
mean annual precipitation varies from 11 to 18 inches 
in different parts of the area, 72 to 82 percent of this 
oceurring from April to October. Available soil 
moisture is usually exhausted by late July. The 
mean annual temperature varies from 34° to 43° F. 


during the growing season (April to July) varies 
from 51° to 59° F, Clear weather is common. The 
prevailing winds are westerly, the warm, dry Chinook 
being most typical. Evaporation from a free water 
surface averaged 27 to 33 inches during a five-month 
period. 

The classification of mixed-prairie communities is 
the result of wide observation and detailed studies 
in 92 carefully selected sites. About 60 other sites 
were examined less intensively. Stations in four 
Grassland Research Areas were studied repeatedly to 
obtain an understanding of certain ecological rela- 
tionships to supplement the extensive survey. 

The point-transect method was employed to ascer- 
tain the basal cover of the dominants and important 
subdominants. Count-list quadrats were used to sup- 
plement these data, particularly with regard to sub- 
dominant species. An analysis of the data, especially 
that on basal area occupied by various species and 
the percentage composition of the vegetation, revealed 
the presence of several distinctly different plant 
communities. The distribution of these throughout 
the region was ascertained by numerous transects and 
by careful observation, The vegetation of a few 
overgrazed areas was studied in order to ascertain 
the nature of the disclimax and the reactions of the 
chief species to grazing. Subseres in abandoned 
fields were examined. Studies were also made on the 
preclimax and postclimax vegetation. Detailed in- 
vestigations on autecology and phenology were con- 
ducted on sites located in Grassland Research Areas. 
Information was obtained concerning the amount of 
underground plant materials and the forage vield. 

Five of the six well-defined communities are climax 
and one is subclimax as a result of erosion. The 
Stipa-Bouteloua, Bouteloua-Stipa and Stipa-Agro- 
pyron communities are characteristic where vegeta- 
tion has completed its development on deep glacial 
deposits. Where erosion has occurred, the Agropy- 
ron-Muhlenbergia facies is prominent. The Bouteloua- 
Stipa faciation is also characteristic of coarse-tex- 
tured soils in the drier districts. The Agropyron- 
Koeleria faciation has developed on clay soils of 
lacustrine origin, while the clay loam solonetzie soils 
support the Bouteloua-Agropyron faciation. 

The Stipa-Bouteloua faciation is most extensive. 
This community is preclimax to the Stipa-Agropyron 
faciation and postclimax to the Bouteloua-Stipa 
community. Where the land is hilly, distribution of 
the Stipa-Bouteloua faciation is typically limited to 
the lower slopes in the dry part of the brown soil 
zone, to intermediate slopes in the moister part of the 
brown soil zone, and to upper slopes and knolls in 
parts of the dark-brown soil zone. Undulating areas 
of medium-textured soils in the moister part of the 
brown soil zone are also typically occupied by this 
community. 

There are three layers of vegetation. The upper 
one consists of the culms of mid grasses and the 
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flower stalks of forbs. Bouteloua gracilis and Carex 
eleocharis make up the second layer. The lower layer 
is composed of Selaginella densa. 

Stipa comata, S. spartea var. curtiseta and Bou- 
teloua gracilis constitute 54.9 percent of the total 
vegetation, which occupies only 12.8 percent of the 
soil surface. Five other grasses and sedges are the 
principal subdominants, while 11 species of grasses 
and sedges are less abundant. 

Two species compose 88.5 percent of the cover 
furnished by forbs, half-shrubs and shrubs. These 
are Artemisia frigida (which although a half-shrub is 
classed with the forbs since the top dies back close 
to the soil in winter) and Phlox hoodii. In addition, 
seven other forbs occurred with a frequency of at 
least 10 percent. Nineteen forbs have frequencies of 
1 to 10 percent; 40 others are less abundant. Six 
species of shrubs and half-shrubs are characteristic. 
The relative abundance of the various subdominants 
changes throughout the community with variations in 
climate and soil. The ratio of Stipa comata to 8. 
spartea var. curtiseta inereases in the drier districts. 

The Bouteloua-Stipa faciation is characteristic of 
areas of medium- to coarse-textured soil in the drier 
part of the brown soil zone, of areas of coarse-tex- 
tured soil in the moister part of this zone, and of 
exposed locations throughout the area. The physi- 
ognomy of this community is characterized by the 
prevalence of Bouteloua gracilis interspersed with 
several mid grasses, the most abundant of which is 
Stipa comata. Artemisia frigida and Phlox hoodii 
are the principal forbs; Artemisia cana is the most 
widely seattered shrub and is especially abundant in 
It has little influence on the 
composition of the grass cover. 

The Stipa-Agropyron faciation is characteristic of 
areas of higher moisture efficiency. 
spartea var. curtiseta, Agropyron dasystachyum an) 
A. smithii are dominant. 
shrubs are similar to those of the Stipa-Bouteloua 


areas of sandy soil. 


Stipa comata, S. 
The associated forbs and 


faciation. 

The Agropyron-Muhlenbergia facies on ersded so!l 
is dominated by the two species of Agropyron and by 
Many of the subdominant 
species are those characteristic of areas of heavy clay 
Small patches of this type have developed on 
slopes where water erosion has removed much of the 
surface soil. Here numerous subdominants of the 
climax are very abundant. 

The Agropyron-Koeleria faciation occurs on soils 
developed on uniform clay deposits occupying the 
beds of former glacial lakes. The upper layer of 
vegetation consists of mid grasses and the lower one 


Muhlenbergia cuspidata. 


soil, 


of Carex eleocharis. Eurotia lanata is conspicuous. 
Several subdominants which are not abundant else- 
where are frequent in this community. 
frigida and Phlox hoodii are again the most abundant 


forbs. 


Artemisia 


The Bouteloua-Agropyron faciation occupies clay 
loam, solonetzie soils in the dry part of the brown 
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soil zone. It is similar in appearance to the Bou- 
teloua-Stipa faciation. In addition to differing in 
composition of dominants, the two faciations are 
distinguished by the different frequencies of subdom- 
inant species. Shrubs are less abundant in this type, 
but Opuntia polyacantha is widespread, ranking next 
in abundance to Artemisia frigida. 

Composition of the vegetation throughout the 
period of study was ascertained at intervals in three 
sites. The densities of the dominant species are less 
affected by variations in weather than are those of 
the subdominants. The ratio of the density of the 
dominant species remained comparatively constant. 
A slight decrease in total basal cover occurred during 
1940 to 1947, caused chiefly by reduction in abundance 
of several forbs and minor grasses. 

Grasses and sedges compose an average of 84.5 to 
94.8 percent of the total basal area in the various 
climax communities. Six species of grasses dominate 
these communities, namely, Stipa comata, S. spartea 
var. curtiseta, Bouteloua gracilis, Agropyron dasys- 
tachyum, A. smithii and Koeleria cristata. 
Muhlenbergia cuspidata, is a 
areas. 


A seventh, 
dominant in eroded 
Twelve other species of grasses and four 
sedges are characteristic of the grassland, but these 
never attain the importance of the dominants in the 
climax. 

The grasses are usually of the bunch form. Most 
of them are cool-season species, beginning growth 
early in April, flowering in June, and maturing in 
late June or July. Bouteloua gracilis, however, is of 
southwestern origin and matures later. The height 
of the culms of these grasses usually does not exceed 
12 to 18 inches. 

Forbs and shrubs compose an average of 5.2 to 15.5 
pereent of the basal cover in climax communities. 
The proportion of the vegetation furnished by these 
subdominants is greatest in the moister parts of the 
area and on soils of coarse texture within each dis- 
trict. The number of species characteristie of various 
types is greatest in the Stipa-Bouteloua community 
and least in the Bouteloua-Agropyron faciation. Fifty 
forbs, four shrubs, two half-shrubs and one elubmoss 
had an average frequency of 1 percent or more in at 
least one community. Composites and legumes are 
the most abundantly represented families of dicoty- 
ledons. The forbs most common throughout the area 
include Artemisia frigida, Phlox hoodii, Malvastrum 
coccineum, Pulsatilla ludoviciana, Gutierrezia diversi- 
folia, Solidago glaberrima, S. dumetorum, Sideranthus 
spinulosus, Chrysopsis villosa, Potentilla spp., Ar- 
temisia gnaphalodes and A. pabularis. Rosa spp. and 
Artemisia cana are the most important shrubs in the 
climax. 

The prevernal and vernal aspects are of short dura- 
tion and include relatively few species. The earliest 
blossoms, those of Pulsatilla ludoviciana, appear about 
mid-April, and the vernal aspect begins late in that 
month. The estival aspeet holds sway from late 
May until the middle of July, during which period 
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most legumes flower. The autumnal aspect, composed 
chiefly of yellow-flowered composites, lasts until the 
frosts of late September. 

Forage yield varies greatly from year to year with 
the supply of soil moisture. It is usually highest in 
the Agropyron-Koeleria community and in the post- 
climax grassland on stabilized sand dunes. 

Amount of underground plant materials in the first 
and second four-inch layers of soil averaged 5.40 and 
1.12 tons per acre, respectively. This is more than 
twice that obtained in the central Great Plains. 

Subseres are extensive in low-lying areas, in salt 
flats, in abandoned fields and in overgrazed pastures. 
Serules are frequent where burrowing animals have 
been active. Sloughs and coulees are populated with 
the late stages of the hydrosere; tall grasses and 
coarse sedges are dominant. The margins are fringed 
with shrubs, most commonly Symphoricarpos occi- 
dentalis. Salt flats support halophytie communities 
with species similar to those of saline areas in other 
parts of North America. Length of time required to 
reach stabilization in abandoned lands is often 15 to 
40 years. Sisymbrium altissimum, Salsola pestifer, 
Lepidium densiflorum and Thlaspi arvense are the 
first plants to appear after abandonment. Over- 
grazing results in decrease in vigor of mid grasses and 
plants furnishing palatable browse but promotes the 
development of a consocies of Bouteloua gracilis. 

The mixed prairie in Canada is bounded on the 
west and north by the feseue grassland, which is asso- 
ciated with the parkland ecotone; it gives way to true 
prairie in southeastern Saskatchewan. Vegetation of 
the Cypress Hills is similar to that of the foothills 
of the Rocky Mountains. The forest is of the sub- 
montane type; the grassland is dominated by Festuca 
scabrella. 

Postelimax vegetation of the sandhills is in various 
stages of succession. Stabilized sand dunes are pop- 
ulated chiefly by Calamovilfa longifolia and Sporob- 
olus cryptandrus. Rosa spp. and Prunus melano- 
carpa are prominent in areas between the dunes 
which are near the water table. 
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VEGETATION OF THE BIMINI ISLAND GROUP 
BAHAMAS, B. W. 1. 


INTRODUCTION 


The origin and distribution of the vegetation of the 
Caribbean islands remains one of the most interesting 
phyto-geographie problems open to students of trop- 
ical American floras. Urban, Britton and Millspaugh, 
Millspaugh (1906, 1909), and Coker in the period 
1900-1925 investigated the work of early collectors 
and compared their scanty data with other data ¢ol- 
lected by themselves and their co-workers. Since then 
another period of 20-40 years has elapsed without 
a comparative study of the present flora of individual 
islands and that reported in the earlier phyto-geo- 
graphic studies for the same areas. The few studies 
of this nature that are available reveal interesting 
additional information on the adaptive ability of plant 
life of the Caribbean islands and offer some sugges- 
tions as to the mode of dispersal of individual species 
and the interrelation of the floras of the various 
islands. After a period of 35 years the preliminary 
work of Millspaugh on the Sand Keys of Florida, 
done in 1903, was recently checked by Davis (1942). 
Davis studied the nature and processes of changes 
in the vegetation of these islands. The present paper 
is also a comparative study for a small group of the 
Bahama islands. 

The Bimini island group is the westernmost of the 
Bahama Islands lying on the western edge of the 
Great Bahama Bank (Fig. 1). These islands are 
approximately 60 air miles from Miami, Florida and 
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Fig. 1. 
group to the mainland, to Cuba and to other islands of 
the Bahamas. 


Map showing relationship of the Bimini island 


are separated from the mainland of North America 
by the swift currents of the Gulf Stream. The flora 
of the Bimini group was investigated in 1904 by 
Millspaugh and Howe and again in 1905 by Brace. 
These men were working in cooperation with Dr. 
N. L. Britton in the preparation of the Bahama Flora 
which was published independently in New York in 
1920. Together Millspaugh, Howe and Brace col- 
lected 90 numbers on the Bimini group representing 
62 species of flowering plants and 1 species of fungus. 
I can find no records of botanical collections from 
the Bimini group since that time. 

In May of 1948 my wife and I were privileged to 
visit the Bimini group through the cooperation of the 
New York Botanical Garden and the Lerner Marine 
Laboratory of the Museum of Natural 
History. Our desire was to make a general collec- 
tion of the plants found on the Bimini Island group 
in order to check the occurrence of species of plants 
reported there by Millspaugh, Howe and Brace some 
44 vears earlier, and also to determine what addi- 
tional species might have been added to the flora by 
the Gulf Stream, the migratory birds which stop in 
great numbers on these islands, or by the frequent 
hurricanes that have struck the Bimini group. 

The nature of the collections of Millspaugh and 
Brace indicates an attempt to make a general in- 
clusive collection and not to sample or select the un- 
familiar entities. Lists of their collections from the 
Bimini group are on file at the New York Botanical 
Gardens and these early lists may be used for com- 
parison with the present flora. Our collections in the 
Bimini group number 325 and the families, genera 
and species represented are cited in a check list at 
the end of this paper. Complete sets of these col- 
lections have been placed in the herbaria of the 
New York Botanical Garden, the Gray Herbarium 
and the Lerner Marine Laboratory at Bimini, Less 
complete collections have been distributed to other 
American herbaria. I believe that the species cited 
in the check list represent a fairly complete record of 
the flora, as the month of May proved to be an op- 
portune time to collect practically all species in 
either flower or fruit. We visited every island and 
key in the Bimini group and only the density of 
the thorn shrub and the lack of trails may have caused 
us to overlook a few minor elements available at that 
period. I wish to express my appreciation to the 


American 


Directors of the American Museum of Natural His- 
tory, to Mr. C. M. Breeder Jr., Mr. and Mrs. Michael 
Lerner, and to the Board of Directors of the New 
York Botanical Garden for the opportunity of visiting 
Bimini and making this study. 
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GEOGRAPHICAL FEATURES OF THE BIMINI 
ISLAND GROUP 

Structurally the Bimini group is part of the Great 

3uhama Bank. There are three major islan’s, North, 


South, and East Bimini, all long and narrow and 
arranged the form of an equilateral triangle. In 
the enclosed bay are several small islands, man- 
groves and keys. All of the islands are low land 
forms, the highest point in the Bimini group is ap- 


30 feet tide. 

The exposed portions of land are formed of aeolian 
limestone variously consolidated and heav ly weather- 
ed into sharp edges and a few small pot-holcs. The 
large “banana” holes, erottoes familiar 
on the other Bahama 

simini group. 


proximately above normal mean 


saverns and 
islands are not present in the 
In some places the exposed limestone 
rock has been fractured into plates with slabs 3 feet 
square and several inches thick lying free (Fig. 3). 
A few small areas of coqu:na rock were observed but 


aS 
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Fig. 3. Black mangrove (left) and red mangrove 
plants on the broken plate-like limestone outcrop on the 
northeastern corner of South Bimini. Pneumatophores 
of the black mangrove show on the left and in the fore- 
ground. Red mangrove is a single plant rooting from the 
branches. 


‘* 


Fic. 4. Storm drift along the beach on the eastern 
shore of East Bimini. Drift is primarily sargassum and 
turtle grass deposited by eddy currents from the north- 
ern end of the Bimini island group. Strand vegetation 
is dominated here by Uniola and Suriana. Coconuts 
(left) and Casurina (right) along the horizon are waif 
plants. 
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only on South Bimini. The beaches on the protecte 
shores are all of coarse coral sand (Figs. 4, 5, 6). 


The western or Gulf Stream side of North Bimini is 
sharply cut and little or no beach is developed. The 


bottom falls away sharply within a few hundred 
yards of the shoreline. Certain areas of this cut 
surface are known as “The Bluffs” with wave cut 


cliffs and abrupt faces. 
Little soil has developed on any of the Bimini 
islands and the slight accumulation of humus on the 


eastern end of South Bimini has been given the 
name of Blackland. This is the only fertile land 


in the group (Figs. 7, 8, 9, 10). 

Bimini is in the hurricane belt of Caribbean storms 
and struck by several severe storms and 
numerous minor storms in recent years. Because the 
surface is low and the bay is shallow many storms 
force salt water over the islands. The storms and 
the salt water immersion show their effects on the 
vegetation (Fig. 11). The vegetation is of the thorn 
serub type familiar in the Antilles. In aspect it is 


has becn 


low, stunted, broken and gnarled. The largest trees 
rarely reach 25 feet in height and these are a few 


specimens of Manilikara Zapotilla, Mastichodendon 
foetidissimum and Ficus aurea. A few trees of large 
girth are found, but these are but fractured rem- 
nants of their former selves. 

The bay between North, South and East Bimini is 
a shallow one with a normal 4-5 feet of water at the 
average high tide. At low tide some areas are com- 
pletely exposed and the bay is not navigable except 
in restricted channels. The large channel forming 
the entrance to the bay is filling in rapidly, epecially 
at the western or outer edge of the mouth, and it will 
need dredging in a few years. A smaller channel 
was dug years ago between North Bimini and the 
cultivated areas of South Bimini to permit the pas- 
sage of flat bottom boats. Even this channel is hard- 
ly passable at the average low tide. In this shallow 
bay of warm water are many algae and marine phan- 
erogams. 

Because of the shallow nature of this bay the water 
shows considerable movement during a storm. The 
sweep of the from the south may force a 
wave of water over the land at the northern end of 
the bay, often changing the contour of the land. In 
fact, one sandy area of land where the water is per- 
iodieally forced over the mainland has been termed 
the Blowout (Fig. 6). 


storm 


HISTORY 


The Bahamas were discovered by Columbus, who 
is supposed to have made his first landfall on San 
Salvadore or Watling’s Island on the S. E. corner 
of the Bahama island chain, It is believed that the 
Spanish never settled on the Bahamas but that more 
recent immigration by the English, American Tories 
and the American slaves following the Civil War has 
populated the group. Little of the original Indian 
blood is evident in the people today. 


JF THE BIMINI ISLAND GROUP 
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The Bimini island group has been populated only 
periodically in the past. The lack of fertile soil 
and the general scarcity of fresh drinking water have 
made the maintenance of a self-sufficient population 
rather difficult on these low, storm-swept islands. 
The first colony on the group was established to col- 
lect salvage from the sailing vessels which went ashore 
on the shallow western ridge of the Great Bahama 
Bank and the Great Isaac rocks to the north of 
Bimini. This early colony was migratory and de- 


pendent on the trading of salvaged property for its 
existence. 

In the late years of the 19th century another small 
colony was established on North Bimini. This one 
attempted to maintain itself by agriculture within 
the island group. Food for the colony was grown 
on farms cleared on South Bimini. The typical 





Fig. 5. Strand vegetation along the eastern shore on 
the southern tip of East Bimini. Distichilis (running 
grass), Sesuvium, Chamaesyce Blodgettii, Mallotonia, and 
Suriana are dominant in this area of coral sand beach. 








Fic. 6. The Haulover or Blowout area of North Bimini 
as seen from ‘‘The Bluff,’’ the northern tip of the lime- 
stone ridge running along the island. Vegetation of the 
ridge here includes shrubs of Erithalis, Scaevola and 
Casasia. Herbaceous growth is Ambrosia and the associ- 
ated parasitic vine Cassytha. Vegetation has been 
removed from the sandy area to plant coconut palms 
opening the area to erosion by wind. Some dune forma- 
tion has started along the western shore. 
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ambulatory agriculture of the Caribbean was _prae- 


ticed. The dcnse thorny native vegetation was either 
. tml 


girdled or burned to make a clearing. Then a few 
¢rops were grown in small holes in the limestone 
where some humus had been formed. In other areas 
of South Bimini the land was well cleared and the 
extra large blocks of limestone piled to form walls 
which now mark the old agricultural areas (Fig. 9). 
The principal crops of this period were cassava, sugar 
cane, pineapples, avocados, guavas and citrus fruits. 
A few plantings of Agave sisalana were made at the 
same time and a fiber industry existed for a short 
period, 

In the recent years since 1920, agriculture has 
been secondary to the occupations of the sea. Sponge 
fishing was carried on in the shallow water of the 
bay and in neighboring waters to the west and south 
of the Bimini group. Apparently the sponge popu- 
lation was exterminated, for sponging is no longer 
profitable. About 1915 the waters of the Gulf Stream 
were found to be exeellent sources of such game 
fish as tuna, sailfish and marlin. In addition, the 
mangrove channels in the Bimini group abounded in 
bonefish, a fighting game species. More recent trends 
in the development of the Bimini group have been to 
capitalize on these game fish resources. For a short 
period several Americans tried to operate a shark 


fishing industry in which shark livers, hides and fins 
were collected and sold on the American market. 
That industry was marginal and failed because of 
the physical difficulty of fishing with inadequate 
tackle. With modern boats and tackle the waters 
around Bimini might still support a minor shark 
industry. 





Fie. 7. Old garden plots in the blackland area of 
South Bimini as seen from an abandoned wind mill. 
Area immediately surrounding the mill was planted to 
garden vegetables and to sugar. cane. Intermediate 
area around the Sabal palms was not cultivated this 
year. Margin of older limit of cultivation now covered 
with growth of Leucaena glauca can be seen. Native 
vegetation in this area is dominated by Lucaya chorio- 
pylla, Metopium toxiferum and Erythroxylon obovatum. 
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CURRENT OCCUPATIONS AND 
OF THE LAND 


USE 


Bimini has prospered as a fishing and tourist center 
with the development of 
seasonal resort area. <A 
formed on North Bimini, and tuna, marlin and sail- 
fish tournaments are held annually in the water off the 
Bimini group and the Gun and Cat Cays. Most of 
the natives are now engaged in fishing and serving 


Florida as a 
club 


Southern 


large fishing was 


as guides during the tournament season. The prin- 
cipal occupation of the younger men during the off- 
season is fishing for conches and the Caribbean ecray- 
fish. Crayfish are trapped and the conches collected 
by hand or by hook in the shallow waters in such 
quantities that meat and 


many crayfish are exported to the Florida markets. 


many barrels of conch 
At the present time only a few of the older men 
This is 
a marginal venture and unimportant as the easy 
money earned by catering to the tourists and fisher- 


carry on any agriculture on South Bimini. 


men or obtained from the high prices received for 
the crayfish and conch enable the populaticn to im- 
port practically all food from Nassau, Andros, or 
other British colonies and, until the dollar shortage. 
from Miami. The few farms that do exist on South 
Bimini each an aere or less in extent. 
are on previously cultivated lands (Fig. 7) and a few 
are made on the remaining acres of uncleared land. 
Burning and girdling practices are still used to clear 
the land. The girdled trees may be allowed to stand 


are Some 


(Fig. 8) and crops planted in small holes among 
them or the trees may be cut off 


1-2 feet above the 





a Se YEE Sa fe: : 

Fig. 8. Corn planting in garden pateh in ‘‘California’’ 
area of South Bimini. This garden area is just being 
established. The trees in the picture are dead having 
been girdled the year before the present crop was 
planted. Only the undergrowth was removed. The dead 
trees will be burned after the harvest of the present crop. 
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ground (Fig. 10). Only rarely is an entire area 
grubbed clear since no modern machinery is available 
for clearing these rough limestone areas. 

The principal crops of South Bimini today are 
sugar cane, pigeon peas, and pineapples. Sugar 
cane is grown in small quantity for local use (Fig. 
7) and a hand press is used for the extract'on of the 
Citrus fruits are collected from the trees of 


earlier cultivation now engulfed in the second growth 


juice. 
vegetation. Sapodillas occur in quantity and are 


used in season. The fruits of Spondias purpurea, 
‘alled hog plums, are collected and fed to the hogs. 
Some garden vegetables such as cabbage, tomatoes, 
beets, lettuce, corn and yams are grown on the lime- 


stone areas. 


Local home gardens are maintained around the 
houses on North Bimini. Here the land is a coral 


sandy soil which is of low fertility and thé crops are 
By applying proper fertilizer some Ameri- 
cans have been able to have fairly good garden plots. 
The native population, however, useno fertilizer and 
so grow only sweet potatoes (Fig. 12), pigeon peas 
and some cabbage on their home garden plots: A 
few papaya trees are found near the houses but 
only the fruits of these are eaten.” “The choice tropi- 
eal fruits such as mangoes, avocados and guavas, 
as well as the best vegetables occasionally seen on 
the small local markets, have been imported from 
other of the Bahama islands, 


meager. 





Fig. 9. 
Bimini are remnants of a former more active agricul- 


Stone fences in the blackland area of South 


ture. Land had been cleared of all but the largest trees 
and the loose limestone rock was piled in fences to de- 
limit the garden areas. The area is now overgrown with 
Leucaena, Bursera, and Coccoloba laurifolia. 
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Coconuts were planted years ago in the Bimini 
group. The bay coast of North Bimini has a long 
line of coconut palms. Only a few coconut trees 
are to be found on South Bimini. The fruits are 
used locally as drinking nuts in all stages of develop- 
ment and so few mature coconuts are produced. An 
attempt has been made quite recently to establish 
eoconut groves on a commercial basis (Figs. 6, 13), 
but it will be several years before these are of pro- 





Fie. 10. A relatively new garden area in the ‘‘Cali- 
fornia’’ area of South Bimini. The trees were girdled 
and cut off 2 feet above the ground. Crops of pineapple, 
corn, sugar cane and yams (Dioscorea) have been 
planted in the small pockets of humus among the lime- 
stone rocks. 





Fig. 11. Dead woody vegetation in one of the arms 
of the old Duck Pond area of South Bimini. Some 
plants from the blacklands were killed by recent flooding 
with salt water. Most of the dead trees in the photo- 
graph are Conoecarpus and Avicennia and have been 
killed by the lowering of the water table following the 
draining of the pond. This area is open to active 
colonization by plants from the blackland community in 
the background. 
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ductive age or before it can be determined if such 
groves are feasible in a hurricane area. 

Agriculture is handicapped on all of the Bimini 
group by the current infestation of land crabs. The 
crabs are extremely numerous and make agriculture 
difficult or impossible by eating the seeds, young 
plants and the mature produce. Control of land 
crabs by DDT is theoretically possible but difficult 
in practice. Local control is possible by the constant 
application of DDT or by diligent butchering, but 
the expense of DDT and the overwhelming number 
and supply of crabs rules out future extensive agri- 
culture in this group of islands. 


- » — - 

Fig. 12. A garden patch near a native home on North 
Bimini. The crop on sandy soil consists of sweet po- 
tatoes and corn. Plantings around the house are Carica 
pepaya, Ricinus communis, Moringa oleifera and Ter 
minalia catappa. 





Fic. 13. Mature grove of Casurina equisetifolia near 
-aradise Point on North Bimini. In such well estab- 
lished wind breaks are commercial scale groves of coco- 
nut palms. The thick ground cover of fallen branchlets 
has prevented the development of a weedy flora. 
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While there are no trees on the Bimini group large 
enough to supply building materials, and all such 
materials must be imported, the local vegetation ean 
supply the local fuel needs. The mangrove (Fig. 
14) and whiteland areas (Fig. 15) are still used as 
a source of firewood. A few of the older people 
make charcoal but generally the practice is to burn 
the raw wood and import chareoal from the other 
islands. Rhizophora mangle, Bumelia celastrina, Tor- 
rubia longifolia and Mastichodendron foetidissimum 
are the principal woods used for fuel. 

A minor industry of 
supply additional 


basketry and woven work 
the energetic 
The thatch palms, Coccothrinax argentea 
The 
men cut the young leaves of the palms with consider- 
able care and the stripping, dying and weaving of 
the fibers is done by the women (Fig. 17). Handbags, 
belts and hats are the principal produets for sale 
on the Miami market. The natives do know that the 
bud of these palms ean be eaten as palm cabbage, but 
they also realize that this practice kills the tree and 
so the source of thatch for weaving. The palms in 
the Bimini group are thus protected by mutual cor- 
sent. 


income to more 
women. 


(Fig. 16) and Thrinax microcarpa, are used. 


VEGETATIONAL MAP OF THE 
BIMINI ISLAND GROUP 
The vegetational map (on page 320) was comp'led 
following a complcte survey of the islands in the 
Bimin: The tha 
the map are general place names. 


group. names are given on 
Like so many 
other areas in the Caribbean today the place names 
used by the natives refer to broad areas rather than 
to any definite location. Even the two towns on 
North Bimini, Alice Town and Bailey Town, run into 
each other without any commonly known boundary. 
At the northern end of North Bimini, the areas desig- 


nated as the Haulover and the Blowout are likewise 


general place names. 








Fig. 14. Development of young mangrove plants along 
the edges of Cavelles Pond on South Bimini. Character- 
istic ‘‘eliff front’’ or ‘‘bluff’’ formation of mature 
mangrove community is shown on the left. Young plants 
with prop roots will probably withstand storms. Seedlings 
without prop roots are easily uprooted in heavy water. 
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The various names applied in the Bimini group 
often have interesting connotations but just as often 
are meaningless. In the first category, the Hanul- 
100 yards 


where lighter boats are frequently dragged over the 


over is an area of sand scarcely wide 
sand from the ocean to the bay in order to avoid a 
The Blowout is 


the area where storms frequently force the waters 


sail down to the harbor entrance. 


of the bay over the low places of the island. 

Other names have a personal connotation and may 
The name 
the 


be essentially useless to the casual visitor. 
of Widow’s Wood, which does not 


appear on 





was : 

Fig. 15. Whiteland area on Easter 
either side have lost the old leaf bases. Younger palm 
in the center still retains the ‘‘shoes’’ or ol] leaf bases. 
The whiteland community is dominated by Sabal pal- 
metto, Bumelia retusa, Fithecellobium leyense and Me 
topium toxiferum. 





Key. Palms on 





Coecothrinax-shrub community on the north- 
western tip of South Bimini. Dominant shrubs in the 
photograph are Ernodea littoralis, Rhacoma crossopeta- 
lum, Chamaecrista lineata, and Torrubia longifolia. The 
coconut palm in the background is a waif. 


Fig. 16. 
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map, is an example of a colorful but useless name. 
Widow’s Wood is a small point of land near Bonefish 
Hole where a widow years ago used to cut firewood. 
No two people agree on its exact Icealitv and as the 
widow is now dead and the younger generation have 
no use for the area the name is all but forgotten. 
Many such indefinite and unrecorded place names 
are encountered through the Caribbean. 

On the eastern end of South Bimini is an old agri- 





aa 
— —: => 


Fig. 17. Native woman at the docks on North Bimini 
making hats and hand bags from woven strips of the 
young leaves of Coccothrinax argentea. Colored Raffia 
purchased in Miami is used for superficial ornamenta- 
tion of the handiwork but some Coccothrinax strips are 
dyed for the woven pattern. 





Fic. 18. The southern tip of North Bimini with an 
area of dominance of the white lily, Hymenocallis decli- 
nata, Uniola paniculata, Chamaesyce buxifolia, Casasia 
clusiaefolia are mixed in the stand. Background plants 
are Agave, Coccoloba uvifera and Casurina. 
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cultural area of land which has been cultivated in 
the past. The term “blackland” is applied to this 
area as well as to the brownish substrata where a 
bit of humus has collected in the dense thorn serub. 
A less fertile area in the eastern end of South Bimini 
is called “California.” No definite boundary exists 
between the “blackland” and “California.” 

A further type of classification based on the soil 
is evident in the application of the term “white land” 
to a dry area with sandy soil and no humus. 

There is also a system of classification for the 
islands in the bay of Bimini. If no dry land exists 
on these islands they are called “mangroves” after 
the principal vegetation found there. If there is 
dry iand, then these islands are called keys or eays. 
During a severe storm the dry land may be washed 
away or a “mangrove” may build up debr's and be- 
come dry, but the terminology never catches up with 
the physiography of the spot. The older names 
are passed on even though modified with the verbal 
explanation that such an area is now a wet key or a 
dry “mangrove.” 

The natives in the Bimini group are not adven- 
turous. It is not difficult to find an adult who has 
lived years on North Bimini and yet has not been 
aeross the bay to East Bimini or even to South 
Bimini. Few of the younger men could function as 
guides on the land, although they all know the chan- 
nels and water passes to the fishing spots. The place 
names as given on the accompanying map, therefore, 
are those in use today and represent the concensus 


of the natives queried. 





Fic. 19. Coastal rock community near the southern 
end of South Bimini. The prostrate windswept plant 
in the center is Conocarpus erecta. Bayonet knife is 8 
inches tall. Other shrubs are Borrichia and Suriana. 
Dense shrub community at the foot of the rise in the 
background is Strumpfia maritima, 
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PLANT COMMUNITIES IN THE 
BIMINI ISLAND GROUP 
Nine vegetational zones are recognized in the B'- 
mini island group and indicated on the accompanying 
map. They are briefly deseribed in the following 
paragraphs and considered again in the analysis of 
each island. 


MANGROVE COMMUNITY 


On the protected or lee shores of nearly every 
island in the Bimini group is a community named 
for the dominant and often the only plant in that 
community, the red mangrove, Rhizophora mangle 
(Fig. 14). 
are all small, reaching a maximum he'ght of 20 feet 
and a maximum trunk diameter of 8-10 inches. The 
mangrove trees extend from the high tide level on 
the islands out into the shallow flats of the bay. <A 
cliff front or bluff as identified by Egler characterizes 
the water edge of this coastal community. 


The plants in the mangrove communities 


Young 
seedlings of Rhizophora may be found seattered and 
partially established throughout 
most 


Bimini Bay, but 
of these are so feebly rooted that the ma- 
jority would certainly be uprooted in the next storm. 
The mangrove is a pioneer plant in salt water in the 
Bimini group. It extends out into the salt water, 
and the arching roots and sometimes roots from the 
branches reach down into the soft coral bottom to 
take hold. Debris accumulates in this tangle of roots 


and builds up dry land, enabling dry land pioneers to 

invade the landward periphery of the community. 
To the rear of the Rhizophora community but still 

within the flood tide level are occasional plants of the 





rt ea ~ 
Fig. 20. Female inflorescences of Coccoloba uvifera. 
This plant has not been recognized as dioecious. 
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black 


underground 


mangrove, Avicennia nitida. The prolific 
root this plant (Fig. 3), 


with its numerous pneumatophores, forms such a 


system of 


solid mass of roots that few other woody plants can 
become established in the near it. In some 
places plants of Avicennia and Rhizophora aet as 
opposing forces in the respective destruction and con- 
servation of existing substrata. Figure 3, taken at 
the southeast corner of South Bimini on the plate-like 
limestone substratum, shows two plants. The one on 
the left is small shrub about 3 
feet tall with long penetrating roots and from which 
the pneumatophores arise to push through the lime- 
stone within a radius of 50 feet of the plant (left, 
and right foreground). 


area 


Avicennia nitida, a 


The cluster-tree in the center 
of the picture is Rhizophora mangle, growing over a 
small hump of limestone rock which it protects from 
the wave action by the branching roots. A shallow 
channel has been formed on either side of the Rhizo- 
phora cluster by wave removal of the limestone rock 
probably loosened by the penetrating action of the 
roots of Exposed roots of this 
Avicennia plant were seen in the channels. Further 
to the rear and on dry land are oceasional plants of 
the white mangrove, Laguncularia racemosa, and the 


Avicennia nitida. 


button bush, Conocarpus erecta. These two have not 
become firmly established in the mangrove communi- 
ties in the Bimini group. 

Very little shrub or herbaceous growth is found in 
the mangrove community. Where debris has been 
trapped and piled to considerable depth, occasional 
plants of Batis maritima or Sesuvium portulacastrum 





rie; 21. 
Note that numerous flowers are formed at one locus on 
the rhachis. 


Male inflorescences of Coccoloba wvifera. 
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may be found. These are regarded as transients in 
the community, at least in the Bimini group at its 
present stage of development. 

On the landward edges of the community, however, 
Batis and Sesuvium may be found in quantity. Oc- 
easional stands of Iva cheiranthifolia are also present. 
The nicker bean, Guilandina crista, may also root on 
the dry land and then invade to the tops of the 
mangrove itself. In some areas of the Bimini man- 
grove community the nicker bean extends to a con- 
siderable distance over the tops of the Rhizophora 
plants and becomes an exceedingly troublesome hin- 
drance in moving through the community on foot. 


BLACK-LAND COMMUNITY 


The Coker report of the Baltimore expedition to 
the Bahamas introduced the term black land associa- 
tion as applied to the Bahama vegetation. Originally 
“black land” is a native name applied to the fertile 
agricultural land. The area, at least in the Bimini 
group, usually has a coral limestone base which has 
been eroded away into sharp ridges and small pockets 
in which humus has collected (Figs. 7, 10). These 
pockets of humus are used to grow various food 
crops. The vegetation of the Bimini black lands is 
searcely distinet from the low coral based thorn shrub 
of the other islands of the Greater Antilles. The 
plants are woody, usually short and contovted in 
structure. A majority of the species present seem to 
have spines or short pointed lateral branches. Many 
of the plants lose their leaves during the dry season 
and many of them will flower before the leaves ap- 
pear after the rainy season has begun. The over-all 





Fig. 22. Epiphytie cluster of Epidendrum tampense 
near Bonefish Hole. Loeal name for this orchid is 
onion.’’ Host tree is Bumelia retusa. 


** wild 
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Fig. 23. Sparse vegetation of the sand-shrub com- 
munity near the southern end of East Bimini. Shrub 
with trimmed appearance is Jacquinia keyensis. Note 
the prostrate sea grape to its left. Other low shrubs in- 
clude Anamomis longipes (rt. foreground), Reynosia 
septentrionalis and Ernodea littoralis. 


color aspect of this vegetation is gray, although most 
trunks and branches possess discoloring lichens. 

The lack of soil and the nature of the limestone 
rocky substratum results in an extensive development 
of roots on the surface of the land and a tendency 
on the part of all plants to develop some type of 
buttress root system. Generally speaking, all the 
plants of the black land community are poorly rooted 
and many of the trees have been uprooted in past 
storms. The largest trees of the Bimini group are 
found in the black land community. Mastichoden- 
dron, Ficus and Manilkara are the largest trees. <A 
few old cultigens such as Citrus spp. and Persea 
americana are found, but many of these have been 
badly torn and broken. 

Shrub growth predominates in the black land com- 
munity. The plants all fruit well and dense, almost 
impenetrable stands are characteristic. The following 
species are those most frequently found in the black 
land community: 


Coccoloba laurifolia 
Coccoloba diversifolia 
Zanthoxylum fagara 
Zanthoxylum coriaceum 
Amyris elemifera 
Torrubia longifolia 
Bourreria ovata 
Gymnanthes lucida 
Bursera simaruba 
Metopium toxiferum 
Erythroxylon obovatum 
Piscidia communis 
Reynosia septentrionales 
Bumelia retusa 
Bumelia celastrina 


Smaller shrubs commonly found in cleared areas or 
areas opened by the felling of trees are: 


Randia mitis 
Solanum Blodgettii 
Lantana involuerata 
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Psychotria ligustrifolia 
Psychotria nervosa 
Agave sisalana 


The two most common climbing woody plants in the 
blackland area are: 


Pisonia aculeata 
Guettarda elliptic: 


Herbaceous invaders are: 


Bidens pilosa 
Euphorbia heterophylla 
Cassia occidentalis 
Galactia spiciformis 
Smilax havanensis 


INCIPIENT BLACK-LAND AREA 

The most dynamie area from the ecological point 
of view that is to be found in the Bimini island 
group is limited and is designated on the map as in- 
cipient black land. The other eight communities 
listed are well established and fairly well in balance 
within themselves and with the communities around 
them. 


Along the edges of Cavelle’s pond, however, is 





Fig. 24. Stand of Typha domingensis in small fresh 


water pond near the southeastern tip of South Bimini. 
Only other plants in the pond were Eleocharis cellulosa 
and Fimbristylis ferruginea. 





Fic. 25. Interior of Mosquito Point on North Bimini. 
This is the first locality for Monanthochloe littoralis in 
the Bahamas. Other plants on the limestone outcrop are 
Salicornia, Batis, Sporobolus virginicus and Conocarpus. 
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an area formerly occupied by a lake and now, due to 
drainage of the lake, a raw area open to colonization 
by active elements of the surrounding vegetation. 
Cavelle’s pond is now connected with the ocean and is 
filled with salt water. Its history will be mentioned 
in the treatment of the flora of South Bimini which 
follows. 

The present vegetation in that area appears to be in 
a state of flux and may profitably be watched in the 
next ten years or more to gain further information 
on the role of various Caribbean species in the coloni- 
zation of new areas. 

Colonization of such an old lake bed may be by 
drift from the ocean or by various invaders from 
the blackland community nearby. Plants from each 
of these sources now show areas of local dominance. 
Since the plants from the black land community seem 
to have the upper hand at the present, I believe the 
area will eventually be completely stabilized by the 
same species that are now in balance in the black land 
community. It is recognized that the black land in- 
vaders, once established within this area, are easily 
killed by storm-induced salt water floods (Fig. 11). 

Many small areas are now covered with a dominant 
vegetation of one species, or a very few species. The 
local dominants are grass land with huge, thriving, 
almost upright clusters of Cenchrus pauciflorus and 
overrun with Smilax havanesis; herb formations of 
Turnera ulmifolia, Pluchea purpurascens and Wal- 
theria americana; shrubby growth of Gymnanthes 
lucida and Croton lucidus; Batis meadows, and small 
areas dominated by Salicornia perennis. 
now support small trees, 
with a 


A few areas 
These are park-like in ap- 
bare soil surface and the earth 


pearance 





bag - 

Fig. 26. Windbreak planting of two rows of Casurina 
equisetifolia on the western side of North Bimini near 
Paradise Point. The ridge slopes to the ocean and the 
Gulf Stream at the left. 





330 


churned up by the burrowing of myriads of land 
crabs. A few small ponds, primarily fresh water 
from recent rains, still persist within the old pond 
margin. Around the periphery of these ponds are 
the only places in the Bimini group where I found 
Anona glabra. 

Other plents found invadirg this area are: Cono- 


carpus erecta, Iva cheiranthifolia, Eugenia buxifolia, 





Fig. 27. Stand of Opuntia Dillenii along the western 
bank of North Bimini near the Lerner Marine Labora- 
tory. 


Fig. 28. A water hole in the coral sand at East Wells 
area of East Bimini. Fruiting shrub in the background 
is Chrysobalanus icaco, the beach plum. Land erab in 
the picture was caught with a mature fruit of the icaco. 
Other shrubs are Chamaecrista lineata (left) and Cono- 
carpus erecta (right). The water in this hole is sweet 
although the elevation here was 4 feet above sea level. 


Ricuarp A. Howarp 





Ecological Monograplis 

Tol. 20, No. 4 
Sabal palmetto, Calyptranthes pallens, Bumelia re- 
tusa, Bumelia celastrina, Swietenia mahogani, Cocco- 
loba laurifolia, Leucaena glauca, and Croton linea- 
ris. 

Colonization from the ocean drift appears to be 
limited entirely to mangrove communities of Rhizo- 
phora mangle. Young plants widely spaced in the 
shallow and quiet waters of this protected bay 
(Fig. 14) are able to spread widely and rapidly with 
roots and arching branches extending from the young 
plant. The majority of the plants are very young 
and have not yet reached the age necessary for pro- 
ducing fruit. Once they have matured, the mangrove 
community will probably offer more competition for 
the present active species invading from the neigh- 
boring black land community. 

UnioLta StRaAND COMMUNITY 

Sandy beaches and the typical strand vegetation 
(Fig. 5) of the other Caribbean islands are relatively 
rare in the Bimini island group. Practically all of 
North Bimini was a coastal strand community at one 
time, but due to the civilization existing there a major 
part of the vegetation has been removed. This re- 
moval continues to the present, for agriculture in 
such a sandy area is started by the complete grubbing 
and removal of all the vegetation (Fig. 12). The 
crops planted are poor because of the low fertility of 
the soil. 

Only on the northern portion of North Bimini 
beyond the present limits of habitation and in a few 
small areas on South Bimini are regions which now 
harbor the strand vegetation considered here. The 
vegetation of the strand community is usually shrub- 
by, with many grasses, and the over-all aspect of the 
community presents a characteristic yellow color. Per- 
haps the most characteristic plant of the community 
is the sea oats, Uniola paniculata. The tall panicles 
of this plant wave conspicuously over the lower 
shrubs and herbs. Uniola virgata, with its curled 
leaves, also occurs in quantity. 
datum, the running grass, is locally abundant and is 
often used as a lawn grass or ground cover around 


Stenatophorum secun- 


houses, escaping or invading into cleared or beach 
areas. 

The shrubs of the sterile white sand substratum 
isolated Well- 


rounded clumps of Scaevola plumierii, Lantana in- 


oceur in clusters of single species. 
volucrata, Coccoloba uvifera, Suriana maritima, Bor- 
richia arborescens, Mallotonia gnaphalodes, Casasia 
clusiaefolia, Chamaecrista lineata, Salmea_ petrobioi- 
and Frithalis abundant. Few 
single plants ‘of these species are to be found. In- 


des, fruticosa are 
stead individual groups seem to form clumps of local 
dominance with the new individuals of the same clone 
developing along the edges of the thickets. 
Herbaceous plants, with the exception of Hymen- 
ocallis declinata, which covers extensive areas along 
the sea bluffs (Fig. 18), are found in limited 
numbers or covering small areas. Sesuvium portu- 
forms mats with radiating 


lacastrum seem to 
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branches, one or rarely two plants being rooted in the 
center of the mat. Suaeda linearis, Cakile lanceolata, 
Solanum bahamense, Chamaesyce buxifolia and Cha- 
maesyce Blodgettii are present. Ernodea littoralis 
with its arching habit fills in the gaps. A few vines 
such as Ipomoea pes-caprae and Canavalia maritima 
trail across the open areas. A characteristic plant of 
this community is Ambrosia which trails 
across the ground or may assume a scandent habit. 
In close association with this plant everywhere is the 
dodder-like orange-colored parasitic vine Cassytha fili- 
formis of the Lauraceae. Cassytha seems to start in 
all cases from a parasitic association with Ambrosia 
and eventually climbs over the taller shrubby growth 
of Suriana and Seaevola. Jacquemontia jamaicensis 
is the only true herbaceous climbing vine. 

The woody climbing vine Dalbergia ecastaphyllum 
was reported on North Bimini by Brace in his eol- 
lections of 1905. I thought after several weeks of 
search that this vine had been exterminated from 
the island flora in the succeeding years, but near the 
end of my stay on Bimini I found several plants of 
it in the bays among the stands of Coccoloba uvifera 
on the north end of North Bimini. I could not find 
this plant in its usual association at the rear of man- 
groves, an area where it occurs so commonly through- 
out the Caribbean. The area where Dalbergia now 
oceurs is subject to periodic wash by salt water in- 
duced by hurricanes, and it is possible that the few 
plants remaining could be exterminated from the 
island in a single storm. I have no idea how much 
of this species was present in Brace’s day. 


hispida 


CoastaL Rock COMMUNITIES 

Consolidated aeolian limestone forms rocky ridges 
in various parts of North and South Bimini. The 
ridges are on the western or Gulf Stream side of 
North Bimini and form the area termed locally “the 
bluff.” Portions of this ridge are badly weathered, 
forming small grottoes. A short area along the 
southwestern tip of South Bimini also has rocky 
outcrops extending down to the water (Fig. 19). 
The vegetation of these areas is quite different 
from that of the neighboring sands. The plants could 
not be called luxuriant, yet the vegetation is in most 
sases dense and very dark green in contrast to the 
yellow appearance of the plants of the strand com- 
munity. 

Several plants of sparse distribution are found on 
the wave-swept portions of the limestone outcrops. 
Strumpfia maritima is probably the most striking. 
This member of the Rubiaceae is a low shrub searee- 
ly three feet tall, forming dense mats of vegetation 
altered by the sea spray and strong winds or existing 
as seattered plants. The leaves are small and strongly 
inrolled with the lower inner surface glaucous and 
appearing to be pubescent. The appearance is that of 
a leaf of Ledum. The pink flowers are unusual and 
at first difficult to place in the proper family because 
the anthers are united, a character not generally asso- 
ciated with the Rubiaceae. The small fruits are white 
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and fleshy and eaten by birds. Rachicallis americana 
is another interesting member of the Rubiaceae of 
similar occurrence. The low shrubs of this species are 
not as bushy as Strumpfia and the branches are often 
wand-like from the base, reaching 3-4 feet in height. 
The flowers are yellow when they first appear but 
soon turn red and then dry to a brown color, in which 
condition they persist for a considerable period of 
time. Also found on the rocky outcrop exposed to 
the salt spray are occasional prostrate windswept 
forms of Conocarpus erecta (Fig. 19). These plants 
are equally divided between the glaucous and the 
sericeous forms. Several stands were found in which 
the plants were 10-20 feet in diameter yet less than 
a foot tall. 

On the ridge, more or less protected from the salt 
spray of the waves breaking on the cliff by the eleva- 
tion of the land, the vegetation of the coastal rock 
community becomes taller and more dense. Almost 
pure stands of Coccoloba uvifera (Figs, 20, 21) are 
found with few associates and no under-shrubs. In 
other areas the vegetation is well mixed and com- 
posed of the shrubs, Phyllanthus epiphyllanthus, Mal- 
lotonia gnapalodes, Cordia Sebestana, Torrubia longi- 
folia, Manilkara jaimiqui, Eugenia buxifolia, Annel- 
sia cubensis, Amyris elemifera, Morinda royoe and 
Reynosia septentrionalis. Handsome specimens of 
Phyllanthus epiphyllanthus are found especially in 
several areas on Sampson ridge of South Bimini. The 
plants flower and fruit well. The tri-coceus fruits 
are elastically dehiscent and the seeds are eaten 
by the land crabs. Mallotonia gnaphalodes seems to 
do well on both exposed and protected areas and is 
conspicuous because of the pubescent leaves. Cordia 
Sebestana is the most spectacular flowering shrub 
of the Bimini island group. The tree was in both 
leaf and flower during the month of May but it 
often flowers in leafless condition. The spectacular 
orange blossoms are commonly used as corsage flowers 
by the natives. 

A few low shrubs are found on this coastal rock 
community. On the spray-swept rocks are numerous 
plants of Chamaesyce buxifolia. In the more pro- 
tected spots are plants of Chamaesyce Blodgettii. 
The fleshy vine, Calonyction tuba, is well developed, 
often becoming a climber. The flowers of Calonye- 
tion are large and showy but open only in the early 
morning. Passiflora cupraea is also common in this 
community, climbing over most groups of shrubs. 
The flowers of this species stay open all day. The 
dark red flowers are extremely attractive and the 
common name of Devil’s Pumpkin is derived from 
the dry berry-type of fruit which turns purple on 
maturity. The berries have an excellent flavor, al- 
though the natives rarely eat them. The nicker bean, 
Guilandina crista, is also present. The stems of the 
nicker bean are tough and covered with sturdy re- 
curved prickles. The pods are also covered with 


stout spines which are soft when the pods are young 
An interesting observation was 


but stiffen in age. 





Sao Ricuarp A. Howarp 


made regarding the seed color of these plants. Vari- 
ous species are supposed to have either gray or yellow 
seeds and part of the classification of the species is 
based on seed color. It was noted that when the 
pods opened on the upper surface and the seeds 
were held in the pods for any period of time, 
exposing them to the sun, the upper surface of the 
seed was yellow or orange and the lower surface was 
gray. A handful of gray seeds was collected and 
placed in an exposed place. Only a few days’ ex- 
posure to the tropical sun was necessary to turn the 
gray seeds to varying degrees of orange-vellow. By 
turning the seeds it was possible to color several seeds 
evenly. By searching under the vines of the two 
species of Guilandina present in the Bimini group, 
it was possible to find gray seeds in the shade or 
buried in the debris beneath the vines and yellow 
or orange seeds on the limestone rock in exposed 
places. Less reliance on seed color is neeessary in the 
classification of species of Guilandina. 


THE SAND CoccoTHRINAX-SHRUB COMMUNITY 


The sand Coccothrinax-shrub community is limited 
to the northwestern tip of South Bimini (Fig. 16). 
This spot appears to be an area of rather recent 
natural fill forming a sand bench, The substratum is 
a clear white sand of low fertility. The vegetation 
in the Coceothrinax-shrub community is dominated 
by Coccothrinax argentea, the silver palm which shows 
the attractive silver lower surface of its fronds in 
every breeze. The palms fruit well and the infrutes- 
cences are collected and the fruits fed to hogs. A 
few of these are eaten by the natives but the amount 
of edible pulp to each drupe is small. 

Shrubby forms fill in the spaces between the palms 
and only a few areas of dominance of single species 
were seen. In these stands Malpighia polytricha and 
Croton linearis are the dominants. The other areas 
are well-mixed groups of the following species: Cates- 
baea parviflora, Antirrhoea myrtifolia, Ernodea lit- 
toralis, Chamaecrista lineata, Eugenia buxifolia, Rha- 
coma crossopetalum, Torrubia longifolia, Lantana in- 
volucrata, and Amyris elemifera. Chamaecrista li- 
neata is the most common low shrub, but large num- 
bers of the prostrate Argythamnia lucayana are found 
particularly in the Malpighia communities. The 
plants of Argythamnia lucayana are of interest be- 
cause of the beautiful iridescent green‘sh-blue aspcet 
of the vegetation while drying and when in the press. 
The vines of the Coceothrinax-shrub community are 
Passiflora cupraea and Ipomoea cathartica. 


SALICORNIA TIDAL FLATS 


Marshy lands are not extensive on the Bimini 
island group, but small areas of North Bimini and 
others on the western end of South Bimini might be 
called tidal flats. All of these areas are characterized 
by shallow flats which are flooded with fresh water 
following heavy rains, and during storms the salt 
water seas may wash in and be trapped for periods 
of time. The substratum in all cases is consolidated 
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coral and the drainage is very poor. Little soil is to 
be found in these flats. The dominant plants are Sali- 
cornia perennis, Suaeda linearis, Philoxerus vermicu- 
laris and Batis maritima. 

A few of these areas are distinct and are ealled 
Batis meadows, Here the plants of Batis maritima 
have flourished and formed mats of intertwined 
stems. The vegetative formation is often one foot 
thick. Such a mat of stems slows the movement of 
any water in the area, causing the dropping of 
debris and the accumulation of silt. Bat's meadows 
may therefore build up rather quickly into dry 
land. One Batis meadow is found on North Bimini 
near Baileytown and another near the site of the old 
hotel. Around the edges of the Batis meadow is som? 
sedge growth, Cyperus ligularis and Mariscus jamai- 
censis being the most common tussock-forming sedges. 
Iva cheiranthifolia is well established on the margins 
of some of these meadows, and farther out on the 
periphery the black mangrove, Avicennia nitida, ap- 
pears to be an aggressive shrub or small tree. 

WHITELAND COMMUNITY 

A small area in the center of Easter Key, com- 
pletely surrounded by the mangrove community, 
stands several feet above high tide level. This spot 
has a substratum of sterile sand with a distinctive 
vegetation upon it. The plants are mostly large 
shrubs or trees which are widely spaced, giving an 
artificial or park-like appearance. The dominant 
plants in the white land community (Fig. 15) are the 
thatch palm, Sabal palmetto, Bumelia retusa, Pithe- 
cellobium keyense, Jacquinia keyensis, Metopium 
toxiferum, Lucaya choriophylla. Along the edges of 
the dry land vegetation are Conocarpus erecta, Avi- 
cennia nitida and Rhizophora mangle. The handsome 
Sophora tomentosa with panicles of bright yellow 
fowers and the characteristic moniliform pods was 
found in several places on the periphery of the prcs- 
ent community, growing almost in the sa:t water on 
the edg:s of the mangrove community. Its proper 
position in either the whiteland or mangrove ccm- 
munity ‘s not clear. 

The only vine noticed in this whiteland community 
was the spiny climbing phase of Smilax havanensis. 
Young epiphytic plants were quite abundant. Only 
a few were old enought to flower, and those collected 
proved to be Epidendrum tampense in its many 
color phases, Epidendrum bahamensis, which was less 
abundant, and Polypodium aureum. The species of 
Epidendrum were found primarily on the trunks of 
Bumelia (Fig. 22), while the Polypodium, here and 
elsewhere in the Bimini group, was found only on the 
debris collected in the old leaf bases on the palms. 


THE SAND SHRUB COMMUNITY 


A park-like low shrub vegetation grow:ng on a 
sandy substratum is termed a sand-shrub community. 
The largest areas of this community are found on 
East Bimini, well developed at the Southern end 
(Fig. 23) and periodic in occurrence on the northern 
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end. The area is a low sand bar with occasional out- 
crops of limestone. It is exposed to the sweep of 
storm winds across the Caribbean and is subjected to 
frequent flooding and washing by salt water. 

The principal plants of this community are Jac- 
quinia keyensis, Chrysobalanus icaco, Anomomis lon- 
gipes, Chamaecrista lineata, Amyris elemifera, Erit- 
halis fruticosa, Ernodea littoralis, Solanum bahamense 
and Reynosia septentrionalis. Two sedges, Schoenus 
nigricans and Fimbristylis spathacea, are abundant. 
This area will be described in more detail in the 
report on the vegetation of East Bimini which fol- 
lows later in this paper. 


INDIVIDUAL AREAS 


SoutH Bimini 


South Bimini is the largest single land mass in the 
Bimini group. It extends east and west a distance 
of about 4 miles and has an average width of half a 
mile. A limestone ridge is found along the western 
edge, and a sand bench is on the northwestern tip. 
“Black land” forms most of the eastern end and a 
shallow bay with numerous extensive mangrove and 
Salicornia formations dominates the middle of the 
island. 

The sand bench at northwest corner is 4-8 feet above 
high tide level, The bench is dominated by a Coceo- 
thrinax-serub vegetation (Fig. 16), is fairly open, 
and offers the best area for expansion of the human 
population from North Bimini. In one section of 
this sand bench an attempt was made to construct 
an airport or landing strip for land planes. Bull- 
dozers were used to clear an area one-half mile long 
and 200 yards wide. The strip was never completely 
finished and has not been used. At the present time 
this cleared land is being invaded by the viny Ipomoea 
cathartica, a purple-flowered morning glory, and by 
Boerhaavia diffusa. A few clumps of Andropogon 
glomeratus have become established. The vegetation 
on the land surrounding the air strip was pushed 
down by bulldozers but was not uprooted. Many of 
the palms, Coccothrinax argentea, now grow at rakish 
angles. The shrubs were partially uprooted and now 
have an extremely contorted development. 

The limestone ridge that extends southward along 
the western coast of South Bimini has a woody vege- 
tation similar to that deseribed for the black lands. 
The actual coastline is a coral sand belt on the north- 
ern portion and a limestone outcrop, wave-cut at 
the ocean contact, on the southern part. The belt of 
sand beach is dominated by Uniola, the sea oats, and 
Seaevola, the mad moll. The coral outcrop (Fig 19), 
where washed by storm waters, has only oceasiunal 
specimens of Conocarpus erecta, both the glabrous and 
sericeous forms, while in more protected areas ex- 
tensive clumps of Strumpfia maritima occur. On 
the landward side of these pioneers of the coral out- 
crop are specimens of Cordia Sebestena, colorful 
when in full flower, and Phyllanthus epiphyllanthus, 
flowering from the flattened modified stems and pro- 
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ducing small, explosively dehiscent tri-ecoceus fruits. 
Mallotonia gnaphalodes, an extremely pubescent spe- 
cies with fleshy leaves, is a striking plant of these 
formations. Covering all these shrubs are Guilandina 
crista, the holdback or nicker bean, and Passiflora 
cupraea, a handsome passion flower vine. No man- 
grove has developed along the Gulf Stream coastline, 
although bays of Coccoloba wvifera, the sea grape, 
and Coccoloba laurifolia, the pigeon berry, are found 
on the southern end. Extending south from the 
southwestern tip of South Bimini are three or four 
small islands with a low vegetation of shrubs such as 
Rachicallis americana, Chamaesyce buxifolia, and the 
herbaceous, fleshy Sesuvium portulacastrum. 

In the center of the island of South Bimini is a 
large bay of salt water connected with the ocean near 
the southwestern corner along the southern side. On 
the early navigational maps of the Bahamas this 
area is shown as a lake called Duck Pond. Early 
references call the water brackish or fresh, and the 
pond was reported to be the stopping place for 
many migratory water fowl. At the present time 
this bay is known as Cavelle Pond and there are two 
stories among the natives as to events which changed 
that pond from fresh to salt water. One story re- 
ports that a man named Cavelle started to build a 
house on Sampson’s ridge near the northern end. 
The house was never finished and exists today as a 
conerete foundation. Small arms of the old Duck 
Pond extend to within a few hundred yards of this 
location, and in order to have a safe harbor for his 
boats Cavelle is said to have dredged an outlet to the 
ocean. The other story does not blame the outlet on 
Cavelle but reports that persons unknown, interested 
in developing South Bimini, dredged the entrance to 
lower the water level of the pond and so reduce the 
number of mosquitoes. In any ease, a shallow inlet, 
partly blocked by sand bars and no longer navigable, 
connects Cavelle Pond with the ocean. At the present 
time Cavelle Pond is very irregular in shape and 
apparently of variable extension following high water 
or heavy rains (Fig. 11). The present borders of 
the pond are rapidly growing up with Rhizophora 
(Fig. 14) and many of the old arms of Duck Pond 
are now extensive salt flats dominated by Salicornia 
or Batis. In many of the arms the bottom is lime- 
stoue and solid, in others it is marl or fill and makes 
for treacherous walking. 

The margins of this body of water were apparently 
higher when the water was landlocked than they 
are at the present time. 
areas along the present margins that are park-like, 
or completely barren and open to pioneers from the 
black land or surrounding plant communities. All 
along the western edge of the present Cavelle Pond 
plants from the black land formation on Sampson’s 
ridge are invading a barren area. Cenchrus pauci- 
florus, Turnera ulmifolia, Sida spinosa, Waltheria 
americana, Gymnanthes lucida, Croton lucidus are the 
active elements in the reclamation of the land. This 


This has resulted in many 





334 Ricuarp A. Howarp 


pioneer area is designated as an incipient black land 
formation on the map. 

The eastern portion of South Bimini is given over 
to mangrove communities at the edges and to a 
black land formation in the interior. Along the 
bay coast there may be a narrow strip of white 
sand with a shrub vegetation just to the rear of the 
mangrove. Inside of this on flat limestone outerops 
there may be large open areas of Salicornia marsh. 

The black land formation which is extensive in the 
interior portions of South Bimini is the most fertile 
land in the Bimini group. For this reason it has 
been cultivated on and off for many years. The area 
is now primarily second growth vegetation with only 
cultigens as remnants of the former agriculture, but 
the numerous overgrown stone fences (Fig. 9) give 
evidence of the extent of the earlier farms. The 
principal species reclaiming these old farm areas is 
Leucaena glauca. These plants remain spindly and 
occur in clusters and in great abundance (Fig. 7). 
Coccoloba laurifolia is very common growing out of 
the old stone fences. The fruits of this plant are 
called pigeon berries, and apparently the abundance 
in fence rows is due to its distribution by birds. 
Lantana involucrata, Eugenia buxifolia, Solanum 
bahamense, Solanum Blodgettii, Bursera simaruba, 
Metopium toxiferum, Krugiodendron ferrewm, Psy- 
chotria nervosa, Erythroxylon obovatum are the other 
more common trees and shrubs. Galactia, Gouania, 
Ipomoea, Smilax, Pisonia, Tournefortia volubilis are 
the principal vines. Bidens and Euphorbia hetero- 
phylla, Stachytarpheta jamaicense are the dominant 
herbs. 

In a small area near the northeast corner of South 
Bimini, the substratum is formed of consolidated 
sea shells and is a coquina rock formation. On the 
coquina rock the fertility and drainage seem to be 
slightly different from the other black land areas 
and the vegetation here is a white-land community 
similar in composition to that found on Easter Key. 
At present the dominant plant is the thatch palm, 
Sabal palmetto, and the ground is overgrown with 
grasses and the pioneer weed, Cassia occidentalis. 
The area has been cultivated in relatively recent years 
and old stands of sugar cane can be found, as well 
as a few holes still containing sweet potatoes or the 
true yam (Dioscorea sp.) 

The accompanying map shows two inland lakes on 
the bay side of South Bimini. The smaller one, near 
the eastern end of the island, is along one edge of 
the coquina land and the Sabal formation just men- 
tioned. This lake is of sweet fresh water which is 
highly colored with tannin from the many leaves on 
the soft bottom. The only stand of Typha domingensis 
(Fig. 24) in the Bimini group was found in this 
lake. Fimbristylis ferruginea is an emergent in this 
locality and is found elsewhere in the island group. 
Typha and Eleocharis cellulosa are localized here. 
The margins of the lake have thick growths of the 
black mangrove, Avicennia nitida. The other lake 
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farther eastward is of brackish water and apparently 
has flood connections with the bay. 


Nortu BIMINI 


The island of North Bimini is long and narrow 
with a diamond-shaped projection in the middle of 
its longest axis. Projecting out from the bay side 
is Mosquito Point, and on the Gulf Stream side is 
Paradise Point. At the northern end North Bimini 
recurves and the extension to the south is known as 
Easter Key. At various times in the past these two 
have been separated by a narrow channel or by low 
areas which were flooded at storm tides. 

North Bimini has a rocky ridge running the length 
of the island along the Gulf Stream, falling off in a 
cliff or series or bluffs to the ocean. The coastal 
ledge here is narrow, and deep water can be found 
within a hundred yards of the shore. From this 
cliff and rocky ridge the land slopes gradually to the 
east on the bay side, and it is on the ridge and the 
slopes that all native housing has been built. 

All buildings constructed on North Bimini must 
be built either to withstand periodic hurricanes or to 
blow over easily. Near the south end of North Bimini 
are the ruins of the old Fish and Game Hotel. A 
picture of this hotel is in the Bahama Handbook for 
1926. It was a large structure of three stories. 
The building was built with its foundation on the 
crest of the North Bimini ridge. Conerete steps led 
down to the sandy area and a park was built to the 
water front of the bay. The trees in this park were 
coconuts and Casurinas, and there were plantings of 
lower shrubby ornamentals. The hotel was severely 
damaged in the hurricane of 1926 and completely 
destroyed in the storm of 1935. All that remains 
today are the steel-reinforced concrete foundation, 
the stairs leading to the waterfront of the bay, and 
bits of rusted machinery. The planting of coconuts 
in the park was entirely destroyed, but the Australian 
pines have persisted and flourished. Many of the 
old ones still oceur in rows, but a small forest of 
seedlings and suckers from the old trees have obscured 
some of the detail of the old waterfront park. Most 
of the usual tropical ornamentals which were not 
killed in the storms which destroyed the hotel have 
been removed. One, Wedelia trilobata, used as a 
sand cover, has persisted and now covers much of 
the debris around the ruins and has spread to other 
areas of the limestone ridge. Numerous introduced 
weeds also have encroached on the old ruins. 

The natural vegetation of the ridge and the sandy 
slopes of North Bimini has been destroyed by the 
agricultural -practices of the natives. All land to be 
used for housing or for agriculture is grubbed bare. 
Only in a few spots can the original shrubby vegeta- 
tion be found in the small limestone grottoes or on 
the sandy slopes. The limestone vegetation is similar 
to that of Sampson’s ridge of South Bimini, and the 
sandy vegetation was apparently that of the Cocco- 
thrinax-shrub sand bench area of South Bimini. 
Along the bay side mangrove vegetation tends to de- 
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velop wherever it is not kept under control by the 
inhabitants. 

The triangle of land extending into the bay from 
the middle of North Bimini is of special interest. 
It is called Mosquito Point and is well named, for 
many mosquitoes breed in the shallow waters whie) 
cover the point during flood tides and leave poo!s 
the rest of the time. The bay edge of Mcsquito 
Point is complete with a fringe of Rhizophora mangle, 
the red mangrove. To the rear of the mangrove and 
filling most of the area of Mosquito Po‘nt is a flat 
outerop of limestone (Fig. 25). The rock rarely 
reaches 2 feet above normal high tide level and is 
severely pitted and eroded. Where water stands on 
this limetstone flat Batis meadows have developed. 
In drier areas are Salicornia marshes and in the 
very shallow pockets of moisture, which may form 
large areas however, are colonies of Monanthochloe 
littoralis, the first record of this plant in the Ba- 
hamas. This maritime grass is known from but one 
collection in Cuba, however it is extensive and well 
developed in the Florida Keys and around the Gulf 
of Mexico. The only woody plant capable of grow- 
ing to any extent in this flat area is the buttonbush, 
Conocarpus erecta. Both the glabrous and sericeous 
forms of Conocarpus erecta are present. 

The limestone ridge paralleling the Gulf Strea:n 
side of North Bimini stops near the northern end of 
the island at a place called the Bluff. From this 
point northward (Fig. 6) the area is entirely sand 
which drifts in the wind and alters its coast line with 
every change of current or with every storm. Re- 
cently a planting of young coconut palms was made 
in this area. The native shrubby vegetation was 
removed and the palms started in the raw sand (Fig. 
6) without the windbreak protection of Casurina as 
used elsewhere in the Bimini group (Figs. 13, 26). 
It will be interesting to watch this planting and the 
area in the next decade. The removal of the native 
vegetation exposing the raw sand substratum to the 
wind and water has already caused a considerable 
amount of wind erosion near the bases of the palms 
and slight dune formation along the edges of the 
clearing. It is possible that this vulnerable ex- 
posure of the soil might cause the weakening of the 
trees and possibly the complete erosion of that area 
of North Bimini in some future storm. 

On the ocean side of this sandy neck of land is a 
development of Coccoloba uvifera, with individual 
plants 10-20 feet tall. In the bays between the 
clumps of sea grapes are plants of Dalbergia Ecasta- 
phyllum, the penny seed vine. Along the bay side 
where some limestone outcrops may be found the 
dominant plants are Rachiecallis, Strumpfia, 
quinia, Erithalis and Rhizophora. 


Jace- 


ORNAMENTAL PLANTS 


With all of the population centered on North 
Bimini I was interested to see what types of plants 
were used as ornamentals in this area. I soon learned 
that the best kept houses were those owned by 
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Americans and that with only one or two exceptions 
the native did not try to maintain flower gardens. 
However most of the native residences had seattered 
“foundation” plantings near the houses or casual orn- 
amentals in the yards. The ornamentals used on 
Bimini ean be elassified as follows: 
Trees: 

Casurina 

Cocos 

Delonix 

Moringa 

Pseudophoenix 

Schinus 

Terminalia 
Shrubs: 

Acalypha 

Agave 

Asparagus 

Breynia 

Carissa 

Cereus 

Cryptostegia 

Euphorbia lactea 

Euphorbia Tiruealli 

Gossypium 

Hibiscus 

Malvaviscus 

Musa 

Nerium 

Opuntia 

Pandanus 

Pedilanthus 

Plumiera 

Poineiana 

Poinsettia 

Polyscias 

Ricinus 

Vitex 

Yueea 
Vines: 

Bougainvillea 

Cryptostegia 

Senecio 
Herbs: 

Hippeastrum 

Lochnera 

Plumbago 

Rhoeo 

Russelia 

Solidago 


Opuntia Dillenii is used sparingly as an ornamental. 
It is also well established in limited areas (Fig. 27). 
It is impossible to ascertain if this is cultivation of a 
native species or if the wild stands represent escaped 
plants. 


Trimmed specimens of Carissa, Jasimum, Casurina, 
Polyseias and Euphorbia lactea were used as hedge 
The paper tree, Bursera simaruba, was 
The 
use of living fence posts is common throughout the 
Carribean area but since no grazing animals are on 
the Bimini group of islands there is little use for 


plantings. 
used as a living fence post in several places. 
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fenees. ‘To start this fence a branch of a quick 
growing tree is cut and placed in the ground where 
it takes root and continues to grow. At the proper 
height the shoot is decapitated and the adventitious 
shoots trimmed periodically to maintain the plant 
at the desired height. 

Casurina is planted extensively as a wind break 
(Fig. 26) for houses on North Bimini and for pro- 
tection to young coconut plantings. 

Easter Key 

Easter Key is a narrow strip of land extending 
essentially north and south and at the present time 
connected with the northern tip of North Bimini. 
Most of the area is a swamp of the red and black 
mangroves. In the center of the key on a small bar 
of high land, sandy in nature, is the park-like white 
land community (Fig. 15). The trees of this com- 
munity are widely spaced with only a few branches 
below six feet. The Sabal palmetto is the largest 
tree and dominates the area. Metopium toxiferum, 
the poison wood, with its distinctive mottled and peal- 
ing bark is a tree worth knowing and it is abundant 
in this community. 

South of Easter Key are two large islands sep- 
arated by a shallow and ever shifting channel called 
Bonefish Pass. The islands are without names and 
are almost entirely covered with red mangrove. <A 
little dry land, sandy in texture, is found on the east- 
tern portion of each island. The vegetation of these 
areas is also a white land community. This is the 
only spot where epiphytes could be called in frequent 
occurrence. Epidendrum tampense (Fig. 22) the 
Butterfly orchid was the most common and there 
were a few additional plants of Epidendrum baha- 
mense. 


East BIMINi 

East Bimini is a narrow wedge shaped area of land 
on the eastern side of the Bimini group. The west- 
ern edge of this area is dominated over its full length 
by the red mangrove which also extends into small 
bays and pockets in the land. The eastern shore is 
sandy (Figs. 4, 5) with occasional outerops of lime- 
stone. The vegetation on the rest of the land varies 
primarily in its density from the south to the north. 
The southern tip of this land mass is poorly defined, 
running out into Bimini bay in a series of sand bars 
which appear and disappear at the whims of sue- 
cessive storms. The shape of the individual plants, 
often widely spaced, on the sandy soil is also altered 
by the force of the storm winds. Many are well 
rounded if erect (Fig. 23) or are prostrate and trail- 
ing, developed only in the direction away from the 
prevailing winds. The taller bushes are killed back 
by the salt spray and many of the dead branches 
which reach into the air are now covered with mats 
of Cassytha filiformis. 

The beach vegetation along the east coast consists 
of the typical belt of Uniola paniculata, the sea oats, 
with its tall waving plumes of flowers. Creeping in 
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long strands across the sandy areas are the beach 
morning glory, Ipomoea pes caprae, the skipping rope 
vine, Canavalia maritima, the running grass, Dis- 
tichilis spicata (Fig. 5). In open areas in this group 
of grasses and vines are prostrate trailing plants of 
Ambrosia hispida with the commonly associated 
Cassytha filiformis. 

Behind this coastal vegetation are shrubs of Frith- 
alis fruticosa; oeeasional clumps of Mallotonia gna- 
phalodes; prostrate bushes of Anamomis longipes; 
ball like bushes of Scaevola plumierii, and compact 
bushes of Conocarpus erecta. The trimmed or well 
kept appearance of the plants in these areas is 
emphasized by the oeeurrence of the Joe-bush, Jac- 
quinia keyensis (Fig. 23). Many of the plants of 
Jaequinia are so artistically shaped naturally that 
some of the natives have transplanted them for orna- 
mental use around the homes on N. Bimini. The spiny 
vine, Smilax havanensis, over-runs everything. 

Farther inland many of the same shrubby species 
become taller and the general vegetation more luxu- 
riant as the force of the wind is lessened and salt 
spray reduced. Taller shrubs in protected spots will 
inelude Amyris elemifera, Chrysobalanus icaco, Eu- 
genia buxifolia, Calyptranthes pallens and Pithecello- 
bium keyense, the last with its spectacular pods eon- 
taining black seeds hanging from the open pod by 
bright red fleshy arils. 

Inland and near the mangroves on the western side 
of East Bimini are wet depressions in the sand. 
Mariscus jamaicensis, the saw grass, forms dominant 
and fearful clusters in many of the depressions. 
Smaller clusters of Schoenus nigricans, always ap- 
pearing burned at the blackened base, are abundant 
and the colorful native herb, Sabbatia campanulata, 
appears at the edge of the black mangrove, Avicennia 
nitida. 

At the northern end of East Bimini this same group 
of woody and herbaceous species occurs but in very 
dense association. At the northern end the sandy 
substratum is gradually replaced by a limestone out- 
crop which dips gradually into the waters north of 
the Bimini group. Working from the south to the 
north on East Bimini, as the limestone appears closer 
to the surface the sand shrub community is replaced 
by a coastal rock community. 


ENDEMICS AND METHODS OF 
DISTRIBUTION OF THE BIMINI 
VEGETATION 


ENDEMICS 


In the course of the present investigations 253 
species of flowering plants, 2 mosses, 1 lichen and 14 
fungi were collected in the Bimini group. Of the 62 
species of flowering plants and the 1 fungus collected 
in 1904-5 by the earlier workers, .Millspaugh, Brace 
and Howe, only one plant, the marine species Halo- 
phila Engelmanni, was not found in the present sur- 
vey. This marine species is presumably still present 
in the shallow waters of the bay but in less conspic- 
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uous quantities than the other marine phanerogams 
which were collected. The mosscs, lichen, and fungi 
are being determined by specialists at the New York 
Botanical Garden and will not be reported in this 
paper. 

Approximately one-third of the species cited in the 
check list at the end of this paper represent eulti- 
vated plants. The vast majority of the native spe- 
cies are common Caribbean species with only five 
exceptions. Epidendrum bahamense, Malpighia poly- 
trichia, Argythamnia lucyana, Rhacoma coriacea and 
Casearia bahamensis are considered as endemic in the 
Bahama Islands. Unfortunately all of these are very 
closely related to wide spread Caribbean species and 
their maintainence as species as probably a question 
of taxonomic judgment. There are no plants endemic 
to the Bimini island group alone. 


Conspicuous ABSENCE OF CERTAIN 
CARIBBEAN SPECIES 

Especially noticeable in this rapid survey of the 
vegetation of the Bimini island group is the absence 
of many pan-tropical weeds; the absence of mem- 
bers of the Loranthaceae, and the very few epiphytes 
encountered. Workers familiar with the other Carib- 
bean islands or the Caribbean flora in general will 
probably nctice immediately the absence of such com- 
mon weeds as Asclepias curassavica, Asclepias nivea, 
Calatropis procera, Scoparia dulcis, Capraria biflora, 
Kallstroemia maxima, Ruellia tuberosa and dozens of 
others. There is no obvious explanation for the ab- 
senee of these species. They are found on the ma- 
jority of the Bahama Islands and either have not been 
introduced into the Bimini group or have not per- 
sisted if they were introduced. 

Why the mistletoes or members of the Loranthaceae 
are lacking in this flora is also difficult to explain. 
Their very common occurrence in the Caribbean area 
and their frequeney on fence row plants indicates 
that they are often transported by birds. The fruits 
of these species are mucilaginous and stick to the 
beaks of birds to be seraped off on any available 
plant. The seeds germinate readily and thus a new 
individual is established on a new host. Many mi- 
gratory birds were seen during my brief stay in the 
Bimini group and many of these species I have seen 
feeding on the fruits of the various Phoradendron 
species in the Greater Antilles. 

The absence of epiphytic vegetation is also striking. 
Only two species of the Bromeliaceae were seen. Both 
of these were Tillandsias and were represented almost 
entirely by very young plants 2-8 inches in diameter. 
Only one specimen was seen in the South Bimini 
black land of such a size that it could be expected to 
flower in the next few years. 
that the species is a rather recent introduction. 
Questioning of the natives revealed the fact that the 
Bromeliaceae or wild pines were not known to them. 


This certainly indicates 


I showed numerous natives the species of Tillandsia 
which T had colleeted and I did not find a single per- 
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son who had seen such a plant before in the Bimini 
group. 

Three species of epiphytic orchids were found. One 
on South Bimini and two on a mangrove key near 
Bonefish Hole. The orchids were likewise new t» 
all but two individuals who had seen the mangrove 
species before and in that same area. Both of these 
men ealled the orchids “wild onions.” I had not 
cneountered such a disillusioning common name be- 
fore in the Caribbean. 

Britton and Millspaugh listed 19 genera and 27 
species of Filicales in their Bahama Flora but only 
one fern, Polypodium aureum, was seen in the Bimini 
group and that was growing epiphytically on the old 
leaf bases of the thatch palm, Sabal palmetto. This 
species of fern was also infrequent in occurrence and 
was not known to any of the natives. A few other 
species of ferns were expected, especially Acrostichum 
near the mangrove communities, but none could be 
found. Again it is difficult to explain this in the 
face of the common occurrence of many Polypodia- 
ceae elsewhere in the Caribbean. 

In general the vegetation of the Bimini island 
group represents a typical Caribbean thorn shrub 
vegetation. The pine forests and the grassy savan- 
nahs of the larger Bahama Islands are not present 
in the Bimini group presumably because these are 
all small low islands. 

Since it is impossible to explain why certain ele- 
ments of the Caribbean flora were not encountered in 
the vegetation of the Bimini group it is interesting 
to examine the species which make up the flora and 
to speculate on how the local flora originated and 
how it is distributed at the present time. 

As indicated in the tables accompanying the check- 
list which follows, the relationships and distributions 
of the plants found in the Bimini group are with 
the other Bahama Islands and the Caribbean in gen- 
eral. Solanum Blodgettii is the only species found 
solely in the Bahamas and in Florida. All other na- 
tive plants from the Bimini island group are found in 
Cuba, or more generally in the Greater Antilles, and 
many have a broad pan-Caribbean distribution. The 
species in the latter category are those usually called 
the Caribbean weeds and are the ballast or waste 
land type of plant found in all islands and in south- 
ern U. S. and Mexico around the Caribbean Sea. 

The possible methods of dispersal of these plants 
on the Bahamas are generally assumed to be three: 
water, wind and birds (Guppy, Millspaugh 1906, 
1909, Davis, Egler). It is interesting to examine 
the Bimini island plants with regard to each of these 
three possible vectors. 

DISTRIBUTION BY WATER 

Distribution of plants from the other Caribbean 
islands to the Bimini group, or interisland dispersal 
in the Bahamas may be by the drifting of seeds, fruits 
or the entire plants in salt water. 

Bimini, being the westernmost group of the Ba- 
hama Islands is washed on its side by the Gulf Stream, 
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the current usually considered the vector for trans- 
porting Caribbean plants around from island to 
island. Bimini is on the very edge of the Great 
Bahama Bank and the bottom drops away quickly 
within a few hundred yards of the shore. I was 
anxious to see what fruits or seeds of Caribbean 
plants might be present in the usual drift encoun- 
tered on sandy beaches in the Caribbean and so very 
common on the coast of Florida from Miami to Day- 
tona on the western side of the Gulf Stream. It was 
soon obvious on seeing the rocky wave-cut limestone 
western shore line of North Bimini that locating 
drift seeds would be a difficult task. The wave-cut 
cliffs prevent the deposition of anything in normal 
or calm seas. Storm seas might conceivably leave 
debris and drift seeds on the rocky bank and in the 
grottoes but no unusual fruits, seeds or seedlings 
could be found on the rocks. In addition the chances 
of germination of drift seeds in such a locality, their 
persistence as seedlings, and their establishment as 
shrubs are very remote. 

Farther to the north, beyond the Bluffs, the terrain 
of North Bimini becomes more suited for deposition 
of drift material (Fig. 6). In the Haulover-Blow- 
out areas the slope of the sandy beach is gradual 
and there some drift material was encountered. Un- 
fortunately only the fruits of Rhizophora, Avicennia, 
Laguncularia, Casurina, Casasia and Cocos were en- 
countered. All of these occur on Bimini and the fruit 
may well have been of local origin. 

Along the eastern side of the Bimini island group 
another search was made. Here the waters showed 
less south-north movement and the area was essential- 
ly a back eddy of the Gulf Stream caused by the 
presence of the islands themselves. The search for 
drift material was more fruitful but still nothing 
was found which was not already established in the 
Bimini island group. Seeds and fruits found float- 
ing or in the tidal shore debris along the east coast 
of East Bimini (Fig. 4) were of the following genera: 

Avicennia 
Canavalia 
Casasia 
Chrysobalanus 
Cocos 
Ipomoea 
Laguneularia 
Mallotonia 
Rhizophora 


In addition to the seeds and fruits the debris on 
the 21st. of May, 1948 contained many vegetative 
parts of plants. This was three days after a fair 
squall had hit the islands. Among the vegetative 
parts that could be recognized the following list is of 
species that were found in living condition, that is 
the stems were still green and succulent. 

Alternanthera maritima 
Batis maritima 

Cakile lanceolata 
Canavalia maritima 
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Chamaesyce buxifolia 
Cyperus planifolius 
Distichilis spicata 
Hymenocallis declinata 
Ipomoea pes caprae 
Mariscus jamaicensis 
Opuntia dillenii 
Rhizophora mangle 
Salicornia perennis 
Sesuvium portulacastrum 
Stenatophorum secundatum 
Thalassia testudinum 
Uniola paniculata 
Uniola virgata 


Some of this material had been left on the beach 
after the then receding high tide. Many of the speci- 
mens were gathered by wading in the small tidal pools 
where most of the material was mixed with sargassum. 
It was not possible to check the vitality of the ma- 
terial recorded on this trip but it appeared to me that 
every specimen handled was still in viable condition 
and if planted would have survived the salt water im- 
mersion. The chances of such a plant fragment be- 
ing tossed into a favorable position to maintzin itself 
are remote but apparently water transported vege- 
tative portions of plants have as great a part to play 
in the inter-island dispersal in the Bimini group as 
do the seeds and fruits of the same plant. 


DISTRIBUTION BY WIND 

The second possibility often suggested is that hur. 
ricane winds which sweep across the Caribbean and 
the Bahamas may be responsible, on oceasion, for 
the distribution of many of the plants. Anyone who 
has waited the approach and then sat through a Flor- 
ida or Caribbean hurricane can appreciate the amount 
and the force of the wind accompanying such a storm. 
A few of the plants found in the Bimini group are 
especially adapted for wind dispersal by fruits or 
seeds. They are listed below. Others which are 
not specially adapted I believe could be carried short 
distances just by the physical force of some of the 
Caribbean storms. 

Adapted by comate fruits: Baecharis, Conyza, Ku- 
patorium, Flaveria, Gnaphalium, Iresine, Melanthera, 
Pluchea, Sonchus, Typha, Vernonia. 

Adapted by comate seeds: Metastelma, Tillandsia, 
Urechites. 

Adapted by light weight small seeds: 
Ficus. 

Adapted by tumbling inflorescences: Eragrostis. 

Adapted by winged seeds: Casurina, Calyptranthes, 
Exostema, Tabebuia. 

Adapted by samaras or winged fruits: Gouania, 
Piscidia, Rajania, Serjania, Swietenia, Triopteris. 

It would certainly be a mathematical chance that 
many of the genera listed above could be carried a 
great distance by any wind except a_ hurricane. 
Nevertheless the modifications for wind dispersal ap- 
pear to have helped all but a few of those listed in 
the problem of local dispersal. 


Epidendrum, 
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DISTRIBUTION BY Birps 

Migratory birds are the third possibility that has 
been suggested for dispersal and distribution of 
plants about the Caribbean. The ideal check for a 
supposition of this nature would be to trap a great 
many migratory birds in the particular area and select 
whole seeds from the birds’ droppings. Other seeds 
might be removed from their feathers or feet. These 
could then be germinated and grown long enough to 
allow general identification. Consideration would have 
to be given to the length of time the seeds would 
remain in the digestive tract in relation to the speed 
of travel of the bird. Such a project was not feasible 
in the time available during this trip to the Bimini 
island group. 

A general idea could be obtained from the feeding 
habits of many of these migratory birds relative to 
their role as agents of seed distribution. So to check 
the local and interisland possibilities of dispersal by 
birds I established a feeding station. While this 
test could not be run for long enough period of time 
to be conclusive it did present some interesting ob- 
servations. Ordinary bread crumbs were placed on 
the feeding station to attract the birds and then for 
a period of a week these were replaced by collections 
of local fruits. Seeds and fruits of 29 different spe- 
cies of plants were placed cn the various feeding 
stations in numbered quantities. The fruits 
seeds selected were those of the most common plants 
in fruit during the month of May, or those considered 
to be attractive to birds as colorful, aromatic, sweet 
or conspicuous. Fruits of Bumelia retusa and Bu- 
melia celastrina proved to be the most popular food 
for the birds. These fruits were eaten as quickly as 
they were placed out and a decided preference was 
shown for them. Finally it was necessary to omit 
these from the tests in order to have any of the 
other fruits eaten. Only the smaller fruits were 
eaten completely. Further tests are 
collect the droppings of these birds and to attempt 
germination of those seeds that passed through the 
digestive system of the birds. Although no check 
was made of the species of birds which frequented 
the stations it was observed that some ate both dry 
and fleshy fruits. Fleshy fruits were preferred but 
the dry fruits of Uniola paniculata proved to be eaten 
as quickly as many of the fleshy fruits. The fruits 
of Amyris elemifera are 2-3 mm. in diameter, green 
black, and very densely covered with pro- 
jecting oil glands. To my taste these fruits were 
strong yet many birds ate them without hesitation. 
The brightly colored aril of the open pods of Pithe- 
cellobium was also eaten but the black 
shaken free. In the collection of large fleshy fruits 
e.g. Coccoloba laurifolia, Bumelia, Scaevola ete., of 
which the pericarp proved to be eaten regularly by 
the birds visiting the.stations, few of the uneaten 


and 


necessary to 


turning 


seed was 


portions of the fruits disappeared. In other words 
under conditions of the feeding station as well as 


from observations made in the field it must be con- 
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cluded that only rarely are the fruits of these species 
carried any appreciable distance by the birds which 
feed on them. Instead the fleshy pericarps are eaten 
in the tree and the uneaten portions dropped to the 
ground relatively close to their source. This does 
not agree with the conclusions of Hemsley or Guppy 
that frugivorous birds are the principal agents of 
dispersal of such fleshy fruits as Coccoloba laurifolia 
and C. uvifera. Only the smaller fruits which are 
completely ingested are carried any distance by the 
bird vector. 


FRUITS OFFERED AT BIRD FEEDING STATIONS 
A—fruits always eaten, C—fruits commonly eaten, R—fruits 
rarely eaten. 


Fleshy fruits: 





Anamomis—pecked at R 
Bumelia—pulp eaten, seed remains A 
Chrysobalanus—pecked at c 
Coccoloba——-pulp eaten, seed remains Cc 
Coccothrinax—pulp eaten, seed remains Cc 
Erithalis— entire fruit eaten 5 
Ernodea—pecked at R 
Lantana—pecked at g 
Malpighia—pulp eaten, seed remains Cc 
Morinda—untouched 

Passiflora—untouched 

Sabal—pulp eaten, seed remains Cc 
Scaevola—-pecked at R 
Solanum—entire fruit eaten © 
Strumpfia—entire fruit eaten c 
Torrubia—entire fruit eaten Cc 


Dry fruits: 

untouched 

Bidens—untouched 

Casasia—pecked at & 
Cassia—untouched 

Crotalaria—untouched 

Croton—untouched 


Argemone- 


Manilkara—pecked at R 
Phyllanthus—explosive fruit, seeds untouched 
Uniola—entire fruit eaten A 


Winged fruits: 
Jacquemontia—untouched 
Metastelma—untouched 
Arillate seeds: 
Pithecelobium—aril eaten, seed untouched. 
Oily fruits: 
Amyris 





entire fruit eaten Cc 
DISTRIBUTION BY LAND CraBs 


One afternoon I noticed two of the white land 
crabs so common on Bimini apparently fighting over 
a mature fruit of Chrysobalanus icaco which had 
fallen to the ground beneath the bush (Fig. 28). 
The fruit was obviously a prize, for one erab would 
grab the fruit and scurry 2-3 feet or a few yards 
pursued by the second crab. ..When overtaken there 
would be a scuffle for possession of the fruit, which 
was promptly moved a few-more yards by the crab 
which won it. In this partieular case one erab finally 
succeeded in taking the fruit-into a hole in the ground 
and did not reappear during the next half an hour. 

At a later time another crab was found carrying 
another mature fruit of the Icaco. I deliberately 
chased this crab without rushing it too much to see 
how far the crab would carry this fruit before drop- 
ping it. Although its path was zigzag and involved 
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a great many bushes and piles of debris I finally 
forced the crab to carry this fruit 90 yards from 
the original bush. The fruit was dropped and not 
recovered by the crab during the following day. 

The fruits of Chrysobalanus icaco are white, 1-11 
inches in diameter with a spongy pericarp. I had 
assumed that since the fruits float easily they were 
water distributed. It is now apparent that the land 
crabs are also a factor in the local distribution of this 
species. 

Another colony of land crabs on the island of S. 
Bimini was seen to be carrying bulblets of Agave 
sisalana. The plant had flowered and developed 
bulblets. The infrutescence rotted and fell to the 
ground where the crabs found it. The bulblets de- 
tach readily from the infrutescence axis and are car- 
ried away by the crabs. A few bulblets partially 
eaten were found in the crevices of the limestone 
rock nearby. While many of them had the center 
eaten, a few were intact and capable of development. 

To investigate these observations a little further 
the same tests were run as were attempted in the 
bird feeding stations. In this case however samples 
of the fruits listed below were placed on the ground 
near the runways of the crabs and near their holes. 
The crabs had the opportunity to eat the fruits where 
they were or to carry them away. Again the test was 
sketchy and only suggested further work would be 
interesting. 


FRUITS OFFERED TO LAND CRABS 


D fruits disappeared during the tests, U fruits remained un- 
touched. 


Fleshy fruits: 


Anamomis D 
Bumelia D 
Chrysobalanus D 
Coccoloba D 
Coccothrinax D 
Erithalis D 
Ernodea U 
Lantana U 
Malpighia D 
Morinda D 
Passiflora D 
Salbal D 
Scaevola D 
Solanum D 
Strumpfia U 
Torrubia nD 
Dry fruits: 
Argemone U 
Bidens U 
Casasia U 
Cassia U 
Crotalaria U 
Croton U 
Manilkara U 
Phyllanthus D 
Uniola U 
Winged seeds: 
Jacquemontia U 
Metastelma U 
Arillate seeds: 
Pithecellobium D 
Oily fruits: 
Amyris U 
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One or two crab holes were opened and fruits were 
found scattered over the 1-2 feet it was possible to 
follow the burrow. None of the fruits recovered 
showed any signs of sampling by the crabs. These 
fruits were apparently carried part way down the 
hole and dropped. Complete ingestion of any fruits 
by the land crabs seems unlikely. Further investiga- 
tion might determine if the fruits which disappeared 
in considerable quantity were eaten or stored. 

The role of the land crabs in the distribution and 
the establishment of drift fruits and seeds has not 
received adequate study. The observations above 
allow the suggestion that their role might be a major 
one. If careful observations show that the land crabs 
forage for seeds and fruits in the coastal and storm 
drift along sandy beaches in the tropics as much as 
they do in the established vegetation then it is possible 
they might carry these fruits inland. If this is so 
then the problem of inland establishment of water 
borne seeds and seedlings beyond the normal drift 
limits might be cleared. Certainly the coastal area 
where the seeds or fruits are originally deposited by 
the waves is not a favorable one for the germination 
of seeds or the establishment of seedlings. With the 
help of foraging land crabs these seeds might be 
brought inland to more favorable habitats and might 
even be carried underground in a land erab burrow. 
Certainly further investigation of this problem is 
desirable. 


DISTRIBUTION BY OTHER ANIMALS 

Few grazing animals are maintained in the Bimini 
island group. The grass cover is so poor that little 
forage is available. One burro was recently im- 
ported and seemed to be finding enough to eat locally 
although its owner did gather succulents from South 
Bimini to feed it. Several goats were kept by various 
families, and were the only local source of milk. 
Canavalia maritima, Alternanthera maritima, Sesu- 
vium portulacastrum, and Cakile lanceolata were the 
plants most commonly gathered for forage to be fed 
to the burro, hogs and goats. 

In addition to these animals, cats and dogs were 
also plentiful on the islands. Examination of the 
fur of these animals revealed only a few fruits which 
they might have picked up and distributed locally. 
The goats were covered with the achenes of Bidens 
and one was carrying a complete young plant of Arge- 
mone mexicana, an introduced weed. The eats kept 
themselves clean and only Bidens was seen on their 
coats. The dogs by contrast were a scrawny bunch 
and apparently roamed free over the island. Bidens, 
Cenchrus, Pisonia and Boerhaavia fruits were abun- 
dant in the coats of the dogs examined. The only 
native animal large enough to be involved in the local 
distribution of plants was the marsh rabbit. Several 
Biminians told me these rabbits are seen on Easter 
Key and in the mangroves but I did not see any dur- 
ing my stay there. 
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CHECK LIST OF THE PLANTS, BIMINI ISLAND GROUP 


With the exception of Halophila Engelmanni all the species cited in the following list were collected by R. A. and E. §., 
Howard in the Bimini island group in May, 1948. Column 1 lists the scientific name of the plant. Species in this list which 
were collected by Brace on April 13-14, 1905 on either North or South Bimini are marked with a ‘ft’ sign. Species marked 
with a ‘‘t’’ were collected by Milispaugh and Howe, April 15-16, 1904 on either North or South Bimini. 

Column 2 gives the common names as applied to the species in the Bimini island group. The common names cited by Britton 
and Millspaugh in their Bahama Flora have not been repeated unless actually in use in this area. Column 3 gives the area of 
most frequent local occurrence. Column 4 gives the general distribution of the species. Pan-Carib. distribution means general 
distribution in the Bahamas, Florida, the Greater Antilles, the Lesser Antilles and often Mexico and Central America. The majority 
of species having this distribution are weedy species or species of sea coasts. Great.-Ant. indicates a distribution in the islands of 
Cuba, Hispaniola, Puerto Rico and Jamaica unless otherwise cited. Cultivated plants are so indicated with no attempt being 
made to give range or area of origin. Many cultivated species now exist in the wild having survived abandonment in previously 
cultivated areas or having become established outside the limits of cultivation. Such plants are considered escapes. Restricted 
distributions or endemic species are so indicated. 

In column 


5 I have attempted to indicate how the species might be distributed from one island to another (inter-island 
distribution). In column 6 the possibilities of intra-island dispersal are suggested. These may or may not be the same as those 
of column 5. 
































1 2 3 4 5 6 
POLYPODIACEAE 
POlypeciiat MUVOUM:. ... 2... | eee e sc secee ns whiteland pan-Carib. wind (spores) wind 
TYPHACEAE 
Typha domingensis........... Cat-tail aquatic pan-Carib. wind (comate fr.) wind 
CyYMODOCEACEAE 
Cymodocea manatorum........| ----......--. salt water pan-Carib. water (plant) water 
ELODEACEAE 
Halophila Engelmannit........ eel-grass salt water pan-Carib. water (entire plant) | water 
HyYDROCHARITACEAE 
Thalassia testudinum.......... turtle grass salt water pan-Carib. water (entire plant) | water 
GRAMINEAE 
Andropogon glomeratus........ beard grass old fields pan-Carib. wind wind 
Cenckrus pauciflorust......... sand burr, 
Burr grass old fields pan-Carib. animals-man (spiny 
fruit) man 
MIRON «55x55. o co cccoh eoeeesecwchs waste land pan-Carib. man (ballast weed) man 
EE EM Pere ne waste land pan-Carib. man (ballast weed) man 
Distichilis spicata............. rabbit grass strand pan-Carib. water (entire plant) | water 
PEA error rr ree old fields pan-Carib. man (ballast weed) man 
IONE. 3 oc ccsccccs] e600 ses0eees old fields pan-Carib. wind (inflor. rolls) wind, man 
Eee eorerr ee cemetery pan-Carib. man (ballast weed) wind 
Lasiacus divaricatus...........| .-.-.-.e-ee- blackland pan-Carib. 
Monanthochloe littoralis.......| ....-........ Mosquito Pt. Fla. Keys-Cuba water (entire plant) | water 
ee er eer old fields pan-Carib. man (ballast weed) man 
Panicum Ghiesbreghtii........| ......6.ceces old fields pan-Carib. man (ballast weed) man 
PRAOGIUIT WIOGMOLE... 55 e es | 00s cece cee old fields pan-Carib. man (ballast weed) man 
Paspalum caespitosum{........| ..-.-.......- old fields pan-Carib. man (ballast weed) man 
eee Gece eee old fields pan-Carib man (ballast weed) man 
Saccharum officinarum........ sugar cane cultivated 
Setaria geniculata............. cat grass old fields pan-Carib. man (ballast) man, wind 
EE RO) BOC at ee cultivated 
Bperoholwe virginicus..........| ..-.seccseee. marshes pan-Carib. water (entire plant) | water 
Stenatophorum secundatumf...| running-grass strand, lawns pan-Carib. water (entire plant) | rhizomes, 
man (cultigen) man, water 
Uniola paniculata............. sea oats strand pan-Carib. water (entire plant) | birds, water 
ER 20. o.e uc she oe TE eae we ov ook strand pan-Carib. water (entire plant) | birds, water 
2 eee corn cultivated 
CYPERACEAE 
IS ccs dcgsicce cuts ass meee antes old fields pan-tropical man (ballast plant) 
RED Ie ec rer old fields pan-Carib. man 
Cyperus planifolius............ saw grass strand pan-Carib. water (entire plant) 
DR or ccccnc catch s<tnnsesenees old fields pan-Carib. man 
OS es Bere aquatic pan-Carib. water water 
Fimbristylis ferruginea........| ...........6. old fields pan-Carib. water 
pe eo, ne strand world-wide water (entire plant) 
Fimbristylis spathacea.........| ............. strand pan-Carib. water (entire plant) 
Mariscus jamaicensis}......... saw grass strand, marshes | pan-Carib. birds birds 
Schoenus nigricans............ fire grass sand-shrub Fla.-Cuba water (entire plant) 
Scleria lithosperma............ white-seed grass! blackland pan-Carib. 
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CHECK LIST OF THE PLANTS, BIMINI ISLAND GROUP—Continued 











1 2 3 4 5 6 
PALMEAE 
Coccothrinax argenteaf........ silver thatch S. Bimini Cub.-Hisp. birds birds, crabs 
OOO Co 5066s scene ns's coconut cultivated 
Pseudophoenix viniferaf....... sceadscegrs aetniaee 4 S. Bimini Cub.-Hisp. birds birds, crabs 
Sabal palmetto................ thatch palm whiteland Fla.-Cuba birds birds, crabs 
THRIRRE HUOTEOMOR 6 occ cecal Seccomes ssiveen whiteland | Great-Ant. birds birds, crabs 


COMMELINACEAE 
REGEG GIGOGIOF. 0.6.6.6. ove sce cemetery cultivated 


LILIACEAE 


Sanseveria thrygilora...... 65] cccsccvesesce cultivated and 
escaped 
Smilax havanensis{{..........| chainy briar strand | Great.-Ant. 
| Florida birds birds, crabs 
Wuiees SHOU. «5 oc voc s eens sword plant cultivated and 
escape 
AMARYLLIDACEAE 
SEY SIMI, 55. 6) ois sesssreel Sscsedeeaigiare Sives cultivated and 
escape 
MG AOIWID «665s sicc cesses} Ser eee ee cultivated and 
escape 
Hippeastrum puniceum........ eels a seta teens cultivated and | 
escape | 
Hymenocallis declinata........) white lily strand, coastal 
rock Great- Ant. water (entire plant) | crabs: 
BROMELIACEAE 
Anmanas COMOBUS... «2.605.055. pineapple cultivated 
Tillandsia fasciculata.......... bY Seige midigeteres aces blackland | pan-Carib. wind (comate seeds) | wind 
THIGNGMIA WOICWIAIA.. 5 <5 55555] occ eae vee blackland | pan-Carib. wind (comate seeds) | wind 
ORCHIDACEAE 
Cattleyopeis Lindeniif...........) ......ccece0. blackland Cuba, Hisp. Jam. wind 
Epidendrum bahamense.......| ............. whiteland endemic wind 
Epidendrum tampense......... wild onion whiteland | Cuba-Fla. wind (light seeds) wind 
D1oscOREACEAE 
ere yam cultivated 
ee ee er a blackland | Cuba wind (winged fruits) | wind 
CASURINACEAE 
Casurina equisetifolia..........| beef wood cultivated and 
escape | wind 
Casurina lepidoplloia. . .o6.06| ccccsccovsese cultivated and 
escape 
MoracEAkE 
POR io vied tance sewee es | fig tree blackland Great.-Ant. birds (fruit) wind 
| (dry seeds) birds, wind 
ARISTOLOCHIACEAE 
Aristolochia pentandra........ | devils potato strand | Fla.-Cuba water (fruit) insects 
| (beetles 
| carry 
seeds) 
POLYGONACEAE 
Coccoloba diversifolia......... Base eter let fy blackland | pan-Carib. water (fruit) birds, crabs 
Coccoloba laurifoliaf.......... pigeon plum blackland | pan-Carib. water (fruit) birds, crabs 
Coccoloba uvifera............. sea grape coastal rock 
strand | pan-Carib. water (fruit) birds, crabs 
CHENOPODIACEAE 
SALMCOTIIS PEFENMIS.......006 2/000] sccescccesese marsh | N. Am.-Cuba water (entire plant) | water 
Suaeda linearisf.............. | sage marsh | N. Am.-Cuba water (entire plant) | water 
| 
AMARANTHACEAE | 
Alternanthera maritimaf.......) ............. strand pan-Carib. water (entire plant) | man 
(forage) 
Pr oe | a garden weed | pan-Carib. man 
MweemGS GUHA... « <0.500105s) cccccevceeces garden weed pan-Carib. man 
RII IN ans oe Xcs8-s ioe Sielccwesiecrme eo aie blackland | pan-Carib. wind 


Philoxerus vermicularis}. ...... I piarejatesetatalore ne coastal rock | pan-Carib water (entire plant) 








344 


Ricuarp A. Howarp 


Ecological Monographs 
V 








ol. 20, No. 4 
CHECK LIST OF THE PLANTS, BIMINI ISLAND GROUP—Continued 
1 2 | 3 4 5 6 
NYCTAGINACEAE | 
Boerhaavia diffusat........... TERRY errors old fields | pan-Carib. man (ballast weed) animals 
ere Eee eee cultivated and 
escape 
II 6 oo ee cre ich seeewencnslians cultivated and 
escape 
Pisonia aculeata.............. hold back blackland pan-Carib. water (fruits) animals 
Torrubia longifoliat........... blolly blackland Great.-Ant. 
Florida birds birds 
BATIDACEAE 
COR Beet eet rere marsh pan-Carib. water (entire plant) | water 
PHYTOLACCACEAE 
Rivinea humilist.............. pepper bush blackland | pan-Carib. birds birds 
PoRTULACACEAE 
Portulaca oleracea............ purslane old fields, garden 
weed pan-Carib. man man 
ANONACEAE 
De pond-apple incipient 
blackland pan-Carib. water (fruit) 
PN INN oo vig SK Sie a cs Rael Oe sisiereee ee cultivated 
AIZOACEAE 
Sesuvium portulacastrum......| ......++..--- strand, coastal 
rock pan-Carib. water (entire plant) 
LAURACEAE 
Cassytha filiformis............ whoa-vine strand pan-Carib. birds (sticky fruit) birds 
Ocotes coriaces............... torch wood blackland Fla.-Great. Ant. | birds birds 
Persea americana............. avocado cultivated and 


PAPAVERACEAE 
Argemone mexicana........... 


CRUCIFERAE 
Cakile lanceolataf............ 


Lepidium virginicum.......... 


MoRINGACEAE 
Moringa oleifera.............. 


ROSACEAE 
Chrysobalanus icuco........... 


MIMosAcEAE 
Anneslia cubensisf............ 
Leucaena glauca.............. 
Lucaya choriophylla........... 


Pithecellobium keyense........ 


CAESALPINACEAE 
Cassia occidentalist........... 
Chamaecrista lineataff........ 


Ditremexa ligustrina.......... 
re 
Guilandina cristaf............ 
Guilandina divergens.......... 
Nicarago vesicaria............ 


Peiranisia bahamensis......... 


FABACEAE 
Cajanus cajan................ 
Canavalia maritimay.......... 


Crotalaria incana............. 
Crotalaria pumila..........,.. 
Dalbergia Ecastaphyllumt..... 





er ee 


jumby bean 

cinnecord, 
cenagog 

ram’s horn 


skipping rope 


rattle box 

rattle box 

penny seed 
vine 


escape 


old fields 


coastal sand 


old fields 


cultivated 


coastal sand 


blackland 
old fields 


blackland 
blackland 


old fields 
coastal sand 


old fields 
cultivated 
coastal thickets 
coastal thickets 
mangrove 
(North Bimini) 
coquina land, 
South Bimini 


cultivated 
coastal sand 


old fields 
old fields 





coastal sand, 
North Bimini 











pan-Carib. 


pan-Carib. 


pan-Carib. 


pan-Carib, 


Cuba-Mex. 
pan-Carib. 


Cuba 
Fla.-Cuba 


pan-Carib. 
Great. Ant. 
pan-Carib. 
pan-Carib. 
Puerto Rico 
Mexico, Cuba, 


Jam. 


Fla.-Cuba. 


pan-Carib. 


pan-Carib. 
pan-Carib. 
pan-Carib. 





man (ballast weed) 


water (entire plant) 


man 


water 


birds (aril) 


water 
Water 


water 


man 
man (ballast weed) 
water 





water, nan 
(forage) 


crabs 


birds 


explosive 
fruits 


explosive 
fruit 
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CHECK LIST OF THE PLANTS, BIMINI ISLAND GROUP—Continued 











1 2 3 | 4 5 6 
Desmodium canum........ Pe aril ioe rear Re ae lawn weed, | 
old fields | pan-Carib. | man man 
Galactia spiciformis{f......... SEN es are general | Fla.-Cuba man | man 
Indigofera tinctoria........... DF eer eee Te aver) old fields | pan-Carib. | man (ballast weed) | 
Phaseolus lathyroides..........] ....ccecece0. old fields | pan-Carib. | man (ballast weed) | explosive 
| fruit, man 
Piscidia communis............ dogwood blackland | pan-Carib. | wind 
; | | (winged 
fruit) 
Sophora tomentosa............ Lees ciate eat mangrove pan-Carib. | birds, water | birds 
| 
ERYTHROXYLACEAE | 
Erythroxylon obovatum.......| ............. blackland Cuba-Jam. | birds | birds 


MALPIGHIACEAE | | | 
Malpighia polytricha.......... no-touch coastal sand, 
South Bimini | endemic | 

| 
| 


birds, crabs 
Triopteris jamaicensis......... 


Bh etek suas akatins osrtey el | old fields Cuba, Hispan. 


| Jam. | wind wind 
RUTACEAE | 
Ampyris elemiferaff............ | white torch coastal sand pan-Carib. | birds | birds 
Citrus aurantium............. Lt fash derachocereteyetam cultivated and | | 
| escape | | 
Zanthoxylum coriaceumff.....) ............. blackland | Great.-Ant. | birds | birds 
Zanthoxylum Fagara.......... wild lime bush | blackland pan-Carib. | birds | birds 
SURIANACEAE | | 
Suriana maritima............. bay cedar coastal sand, 
coastal rock | pan-Carib. | water 
| 
BURSERACEAE 
Bursera simarubaft............ gum tree blackland | pan-Carib. | man (fence post 
| plant) 
MELIACEAE | | | 
Swietenia Mahagoni........... | mahogany blackland | pan-Carib. | wind (winged seeds) wind 
EUPHORBIACEAE | | 
Acalypha Wilkesiana..........| ............. cultivated | | | 
Argythamnia lucayana........| ............. coastal sand, | | explosive 
South Bimini | endemic | fruit 
|, a ee) (ee cultivated | 
Chamaesyce Blodgettiit{......| ............. coastal rock | Great.-Ant. | water (entire plant) explosive 
| fruit 
Chamaesyce buxifolia......... milkweed strand | pan-Carib. | water (entire plant) | explosive 
| | fruit 
Chiamtineeyoe TAA. oi. 5.5.6 soi) come eclscscees old fields pan-Carib. | man (ballast) | 
Chamaesyce hypericifolia. ..... [ROE See oe old fields pan-Carib. | man (ballast) | 
Chamaesyce hyssopifolia....... A ahae Goitea old fields | pan-Carib. man (ballast) } 
Codiaeum variegatum......... Bes erg soda eee cultivated | | 
Croton linearis? . ...........655% granny bush coastal sand Great.-Ant. | explosive 
fruit 
CUED IRIN 3.5605 eealocaieel) wceeewsiesiecnes blackland | Great.-Ant. | | explosive 
| fruit 
ee Ee eae cultivated 
kuphorbia heterophyllaf.......| ............. old fields pan-Carib. | man (ballast) 
kuphorbia pulcherima.........| ............. cultivated 
Muphoran Tirtcalli...........| ...cccceccess cultivated 
Gymnanthes lucidaf.......... | crab wood blackland pan-Carib. | explosive 
fruit 
Manihot esculenta............ Perec reece. cultivated and 
escaped 
Pedilanthus tithymaloides......| ............. cultivated | 
Phyllanthus Niruri............ Hy seha! roletarsvaicneee old fields | pan-Carib. | man (ballast) 
Phyllanthus pruinosus......... | ee eerercreanestan Ste tate old fields | Great.-Ant. | man (ballast) | explosive 
| fruits 
Ricinus communis............ | castor bean cultivated and | 
escaped 
ANACARDIACEAE | 
Metopium toxiferum.......... poison wood, blackland, 


poison tree whiteland ' Great.-Ant. | birds birds 
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cultivated 


Schinus terebinthifolius........ 
Spondias purpurea............ 


Toxicodendron radicans........ 


CELASTRACEAE 
Rhacoma coriacea............. 
Rhacoma crossopetalum....... 


SAPINDACEAE 
Melicocea bijuga.............. 
Serjania diversifolia........... 
RHAMNACEAE 
Gouania lupuloides............ 
Krugiodendron ferreum........ 
Reynosia septentrionalesf{...... 


VITACEAE 


Cissus intermedia............. | 


TILIACEAE 
Corchorus hirsutus............ 
Corchorus siliquosus........... 


MALVACEAE 
Hibiscus rosa-sinensis.......... 
Malvaviscus arboreus......... 
EE eee 
PE 


STERCULIACEAE 
Waltheria americanat......... 


CANELLACEAE 
Canella Winterana............ 


FLACOURTIACEAE 
Casearia bahamensis.......... 


TURNERACEAE 
Turnera ulmifoliaf............ 


PASSIFLORACEAE 
Passiflora cupraeay............ 


Passifloia suberosat........... 


CaRICACEAE 
Carica Papaya............ 


CacTACEAE 
Opuntia Dillenii.............. 
TERMINALIACEAE 


Terminalia catappa........... 


CoMBRETACEAE 
Conocarpus erecta............ 


Laguncularia racemosa........ 


MyrtTacEAaz 
Anamomis longipes........... 


Calyptranthes pallens......... 
Eugenia buxifolia............. 


hog plum 
| 


papaya 


prickly pear 


almond tree 


white button 
wood 
white mangrove 





stopper 


stopper wood 
stopper bush 





cultivated and 
escape 

blackland, 
South Bimini 


sand shrub 
Coccothrinax- 
shrub 


cultivated 
old fields 


old fields 

blackland 

blackland, sand 
shrub 


blackland 


old fields 
old fields 


cultivated 
cultivated 
old fields 
old fields 


old fields 


blackland 


blackland 


general 


coastal thickets 


blackland 


cultivated 


sea coast North 
Bimini 


cultivated 


mangrove 
mangrove 


sand shrub, 
East Bimini 

sand shrub 

blackland 


N. Am 








endemic 


pan-Carib. 


Great.-Ant. 


pan-Carib. 


Great.-Ant. Fla. 


Florida 


Cuba 


pan-Carib. 
pan-Carib. 


pan-Carib. 
pan-Carib. 


| pan-Carib. 


pan-Carib. 


endemic 


pan-Carib. 


Cuba 


pan-Carib. 


pan-Carib. 


pan-Carib. 


pan-Carib. 


Florida 
pan-Carib. 
Great.-Ant 
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man (near cultivated 


area) 


birds 


wind (winged fruit) 
wind 

water, birds 

water, birds 

birds 

man (ballast) 

man (ballast weed) 
man (ballast) 


man (ballast) 


man 


water, birds 


water, birds 


water (fragments) 


water 


water 


water 
water, wind 
water 
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birds, crabs 


birds, crabs 


wind 


birds 


man, birds 
crabs 


birds, crabs 


birds, crabs 
man 
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birds, man 


water 


water 
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wind 
birds 
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CHECK LIST OF THE PLANTS, BIMINI ISLAND GROUP—Continued 














1 2 3 4 5 6 
EOIN 5.5 ors 5.0 rss oh eae eee blackland, sand ’ 
shrub | Great.-Ant. water birds 
Psidium guajaba.............. eee ety wae cultivated 
RHIZOPHORACEAE | 
Rhizophora mangle. ..... mangrove mangrove | pan-Carib. water water 
UMBELLIFERAE | | 
Anethum graveolens...... | dill weed old fields | cultivated and 
|  eseaped 
THEOPHRASTACEAE | 
Jacquinia keyensis$........... | joe bush mangrove sand | | | 
shrub | Fla.-Jam. | water crabs 
| | | 
PLUMBAGINACEAE | | 
Plumbago scandens........... paar seas ae pula ext cultivated 
| | 
SAPOTACEAE | 
Bumelia celastrinaff.......... | ink berry blackland | Cuba water, birds | crabs, birds 
Bumelia retusa............... | wild saffron blackland | Cuba-Jam. water, birds birds, crabs 
Manilkara jaimiquif..........| wild dilly blackland | Fla.-Cuba water birds, crabs 
Manilkara Zapotilla........... | sapodilla blackland | pan-tropical 
Mastichodendron foetidissimum | mastic tree blackland | Great.-Ant. birds 
| 
LOGANIACEAE 
Spigelia Anthelmia....... 2.2...) s.seces- old fields | pan-Carib. man (ballast) 
GENTIANACEAE | 
Eustoma exaltatumff.........) ...... coastal sand pan-Carib. water 
Sabbatia campanulata.........| ....... sand shrub | U.S., Cuba water 
ARALIACEAE 
PONVUCIAN RHMIMOVIEN. . ces | wise cian cultivated 
APOCYNACEAE 
ee eee) Mr ee cultivated 
AI oc aieccgiscin sewn wrote hewan cees | old fields cultivated and 
escaped 
Nerium Oleander.............| oleander cultivated 
Plumiera obtusa.............. frangi-pani cultivated | : 
Wrechites Iutes.........0.....-. ERS cei blackland | pan-Carib. wind wind 
OLEACEAEE 
A | cultivated 
ASCLEPIADACEAE | 
Cryptostegia grandiflora.......| ............. cultivated ; 
Metastelma graminifolium.....| ............. coastal rock | Cuba wind wind 
Metastelma Northropiae.......| milkweed coastal rock | Fla.-Cuba wind wind 
Metastelma palustris.......... (eae coastal rock | U. S-Cuba wind wind 
| 
CONVOLVULACEAE | 
Calonyction Tuba....... ....] moon vine coastal rock | pan-Carib. water 
Exogonium microdactylum.....| ............. blackland | Fla.-Cuba 
Ipomoea Batatas............. | sweet potato cultivated : 
Ipomoea catharticay..........| morning glory | old fields | pan-Carib. man (ballast) 
Ipomoea pes-caprae........... | bay vine coastal sand | pan-Carib. water water 
Jacquemontia jamaciensis{.....| ............. old fields | Great.-Ant. wind 
BoRAGINACEAE 
Bourreria ovata..............| strong bark blackland | Fla.-Cuba water 
re coastal rock | pan-Carib. | water 
Mallotonia gnaphalodes.......| bay lavender coastal rock, | 
strand | pan-Carib. water . 
Tournefortia volubilist..... .-| soldier bush coastal rock | pan-Carib birds birds 
VERBENACEAE 
Avicennia nitidaf............. blackwood 
bush mangrove | pan-Carib. water water 
Lantana involucrata.... . .| sage coastal rock 
strand | Great.-Ant. birds 
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| a 











1 | 2 4 
|—— —— a 
Phyla nodiflora var. reptans. . . | Bike sina eae lawn weed pan-Carib. 
Stachytarpheta jamaicense.... . Sh de eeaaiath 8 ater old fields pan-Carib. 
NN ot neers aa steD co nc eae cultivated 
LABIATAE 
ee ee cultivated 
I NIN sig ooo st aloareciel “cichan cules blackland pan-Carib. 
SOLANACEAE 
Capsicum baccatum........... pepper bush blackland pan-Carib. 
Cestrum bahamense...........] 0. ccc cccecs. blackland Cuba 
Lycium spathulifolium.........| ............. blackland pan-Carib. 
Solanum bahamensef..........| ............. strand, coastal 
rock Great.-Ant. 
Solanum Blodgettii. ..........| ccccccccccess blackland Fla. Keys 
ScROPHULARIACEAE 
Goerardia Spicifora. . 0... 65d ccccccccccoce marsh U.S. -Cuba 
Russelia equisetiformis........| ............. cultivated 
BIGNONIACEAE 
Tabebuia bahamensis{.........] ............. blackland Cuba 
ACANTHACEAE 
Diapedium assurgens..........| ............. blackland pan-Carib. 
PLANTAGINACEAE 
PUM MONDO. «5.5 i Kees baled Ko swleve nde ces garden weed pan-Carib. 
RUBIACEAE 
2 whiteland Cuba 


Bosreria laevis................ 
Casasia clusiaefolia............ 


Ernodea littoralis............. 
Exostema caribaeum.......... 
Guettarda elliptica............ 
Morinda Royoc............... 
Psychotria ligustrifolia......... 
Psychotria nervosa............ 
Rachicallis americana 


GOODENIACEAE 
Scaevola Plumierii 


ComposITAE 
Ambrosia hispida 


Baccharis halimifolia.......... 
| 
Borrichia arborescens.......... 
Conyza canadense............ 
Eupatorium capillifolium 
Flaveria linearis 


Gaillardia pulchella 


Gnaphalium antillanum 
Iva cheiranthifoliat 


black torch 





wild coffee 

| wild coffee 

| wild thyme, 
sea bush 

box briar 

rice wood 


| mad moll 


bay vine 





pigeon berry 


lawn weed 
strand, coastal 
rock 
Coccothrinax- 
shrub 
blackland 


coastal rock 
general 
blackland 
blackland 
waste land 
blackland 
blackland 
coastal rock, 
strand 

blackland 
coastal rock 


coastal rock, 
strand 


coastal rock, 
strand 

waste land, 
marsh 

old fields 

coastal rock, 
mangrove 

garden weed 

old fields 

old fields, sand- 
shrub 

cultivated and 
escape 

garden weed 





marsh 





pan-Carib. 
Fla.-Cuba 


Great.-Ant. 
pan-Carib. 


pan-Carib. 
pan-Carib. 
pan-Carib. 
Great.-Ant. 
pan-Carib. 
Great.-Ant. 
pan-Carib. 


pan-Carib. 
pan-Carib. 
pan-Carib. 


pan-Carib. 


pan-Carib. 


U. S.-Cuba 
pan-Carib. 


pan-Carib.’ 
pan-Carib. 
U. S.-Cuba 
Fla.-Cuba 
Mexico 


pan-Carib. 
Cuba 
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man 
water (entire plant) 


water 
water 


water 


wind 


man 


man 


birds 


water 


birds 
birds 


water 


birds 
birds 
birds 


water 


water 
water 


water 


water (entire plant) 


wind 
man 
water 


man 
man 


wind 


man 
water 





birds, crabs 
birds, crabs 


water 


wind 


explosive 
fruit 


birds, era‘: 


crabs 


birds 
birds 


birds, crabs 
wind 

birds 

birds 

water 


crabs 
birds, crabs 


birds, crabs 


wind 
animals 


wind 
wind 


wind 


wind 
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CHECK LIST OF THE PLANTS, BIMINI ISLAND GROUP—Continued 














, 
1 | 2 | 3 | 4 5 | 6 
Melanthera deltoidesf......... spanish sheper- | | 
needle coastal rock | Great.-Ant. | wind | wind 

Pluchea purpurascens. ........ wild tobacco garden weed pan-Carib. wind 
Salmea petrobioidesf..........| .......6- ... | coastal rock, 

strand Cuba water 
SOUMEANO HOMDCEVINODS. ....0.05.505] scvesecccccuss cultivated | 
ae are ee garden weed pan-Carib. | man wind 
DE LIOE™! ae ere garden weed pan-Carib. man | wind 
Wedelia trilobata............. saivieait oelnnted cultivated and 

escape 

FuNGI 

Pyenosporus sanguineusf......| ........ .... | blackland 
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POPULATIONS AND HOME RANGE RELATIONSHIPS OF THE 
BOX TURTLE, TERRAPENE C,. CAROLINA (LINNAEUS) 


INTRODUCTION 


A quantitative field study of a local population of 
the box turtle, Terrapene ec. carolina (Linnaeus) was 
made at the Patuxent Research Refuge, Maryland, 
during the years 1944-1947. 

The main goals of the project were, first, an 
understanding of home range relationships, and 
second, a determination of the size of the popula- 
tion. The term, “home range relationships,” is here 
used to include such topies as: (1) the presence or 
absence of defensive territorialism, (2) the ways the 
activities and home ranges of different individuals 
in the same area are related, (3) the size of the home 
range in the habitat studied, (4) the characteristic 
movement patterns of the animal in the home range, 
(5) the nature and extent of travels beyond the home 
range, and (6) the frequency of transients and the 
causes of them. The study has thrown some light on 
each of these topies. 

The box turtle is especially well suited for study 
of the phases of population biology dealing with 
home range relationships. Details of travels can be 
followed for weeks or months by attaching thread- 
laying devices to their earapaces. Their normal 
activities are not detectably altered by the attach- 
ment of these trailers, or by handling and marking. 
Box turtles ean be collected readily without the dis- 
turbance of trapping or shooting that is often neces- 
sary in studies of birds and mammals. Al! the ani- 
mals resident in an area ean be collected several times 
Under favorable conditions 
a large number ean be collected in a few hours. 
The turtles are active only in the daytime, so they 
can be observed during their entire activity period. 
They are long-lived, so it is possible to study many 
of the same individuals year after year. It is there- 
fore possible to make more detailed home range and 
population studies of the box turtle than of many 
other animals. 


in the course of a season. 


I wish to express my gratitude to Dr. Peter OQ. 
Okkelberg for his generous encouragement and ad- 
vice concerning the problem and for his ert cism of 
the manuscript. It is a pleasure to acknowledge my 
indebtedness to Mr. Arnold L. Nelson of the U. 8. 
Fish and Wildlife Service, without whose encourage- 
ment and assistance the project could not have been 
undertaken. I also wish to thank Dr. George R. La- 
Rue, Dr. Carl D. LaRue, Dr. William H. Burt, Dr. 
Frederick H. Test, and Dr. Norman EK. Hartweg for 
reviewing and eriticizing the manuscript. 

The field work benefited greatly from the able 
assistance of Mr. Clyde Vance on many collecting 
trips in 1945. Thanks are due Mr. Robert T. Mitch- 
ell for assistance in collecting in the latter part of 


1944, and to other members of the Patuxent Refuge 
staff for occasional field records. Mr. Richard W. 
Stow rendered valuable assistance in the design and 
construction of the trailing device. Mr. Leon Green- 
walt took many of the photographs and did the 
photographie processing. Mr. William H. Stickel 
gave much assistance in the review and criticism 
of the various stages of the manuscript. 


HISTORICAL BACKGROUND 


Studies of vertebrate population biology have 
been primarily of birds and mammals. The concepts 
of home range behavior and territorialism have de- 
veloped in these fields, and are generally accepted. 
Home range is defined as the area over which an 
animal normally travels in the course of its daily 
activities. Territory is any defended area and ma) 
include the entire home range or only a part of it. 

Home range behavior has been shown in_ both 
aquatic and terrestrial turtles, although detailed 
studies have been few. Studies of aquatie forms will 
be considered first. 

A marine turtle of the West Indies, Chelonia mydas, 
was studied by J. Schmidt (1916). He found that 
individuals were often recaptured in the same _lo- 
cality where they were originally taken. 

The Chrysemys population in part of Lake Men- 
dota, Wisconsin, was estimated at five turtles per 
water acre (Pearse 1923). The estimate was based 
on the percentage of marked turtles recaptured in 
successive collections at fourteen stations along the 
shore. Records were kept of the travels of the marked 
turtles that were collected more than once. These 
showed that many Chrysemys were local in habit, 
and gave good evidence for the existence of home 
ranges in this species. 

The most complete studies of travels and population 
behavior of aquatic turtles are those of Cagle (1944). 
He marked the turtles by filing notches in the margi- 
nal scutes, a method he devised and reported in an 
earlier paper (Cagle 1939). This method was used 
in conjunction with mass collecting and trapping. 
His findings concerning species composition and 
specialized behavior of aquatic turtles are excelent 
contributions to the population biology of these 
forms. Results relative to home ranges have particu- 
lar bearing on the present study. 

He found that Amyda, Pseudemys, Chrysemys. 
Chelydra, and Sternotherus had home ranges within 
which they normally remained. Some individuals of 
Pseudemys and Chrysemys were found to include 
parts of more than one body of water within the 
home range. These two species were also shown to 
have some homing ability when artificially trans- 
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ported to places outside their normal ranges. When 
the water level fell drastically in one of the lakes 
being studied, many turtles left the lake. These 
apparently traveled at random in different directions. 
Others may have stayed, buried in the mud. After 
the lake was drained and refilled, ten turtles were re- 
taken in the same area of the lake where they had 
been collected and released one to three years pre- 
viously. 

Estimates of the size of normal populations were 
not made. In an earlier paper the number of turtles 
concentrated in a section of drainage ditch at low 
water level was caleulated by the collecting ratio 
method (Cagle 1942). 

Woodbury & Hardy (1948) studied a semi-isolated 
population of the desert tortoise (Gopherus agassizii) 
in Utah. They estimated this loeal population to 
consist of approximately three-hundred tortoises, a 
density of about one tortoise for each four acres of 
land. They found that each tortoise had a small 
home range usually covering about ten to one-hundred 
acres. Ranges of different individuals overlapped and 
there was no evidence of territorialism. Evidence 
of home range behavior in Gopherus was also given 
by Grant (1936) and Bogert (1937). 

Important data concerning the population biology 
of the box turtle (Terrapene carolina) are found in 
the study made by J. T. Nichols (1939). He collected 
and marked the turtles near his Long Island home 
and recaptured a number of them in the same vicinity 
after several years. Most of the turtles were carried 
some distance away from the collection point before 
they were released. There were eleven recoveries of 
turtles removed one-half to three-quarters of a mile 
from the collection point. Many others were not 
captured again. All of the recaptured turtles had 
returned home and the second collection was within 
a few hundred yards of the place of original capture. 
Other turtles were released where they were found, 
and twelve were recaptured. Reeaptures for these 
turtles were also only a few hundred yards from 
the original site. These data show that at least some 
box turtles remain in a limited range for many years. 

More casual observations had earlier indicated that 
box turtles remain in limited areas. Such records 
are those of Schneck (1886) and Medsger (1919). 

A unique method of studying turtle behavior was 
used by Breder (1927). She attached a spool of 
thread to the posterior marginals so that the spool 
dragged along the ground behind the turtle and the 
thread unwound as the turtle moved. She had a 
limited time for the use of the technique and en- 
countered mechanical difficulties with the device which 
caused threads to break, but nevertheless secured 
some interesting data. She tried the trailing device 
on four turtles. All were released some distance from 
the places they were collected. Most of them traveled 
in the direction of the place of collection, thus show- 
ing signs of homing behavior. Two individuals were 
brought back to the starting point two or more times, 
but persisted in heading back in the same direction. 


Ecological Monographs 
Vol 


a]. 20, No. 4 
One of the turtles was released only seventy-five feet 
from where it was collected and was apparently still 
within its home range. This turtle traveled in a more 
irregular manner than the ones released farther from 
the places of collection. 


METHODS 

Two supplementary methods were used to secure 
population and travel data concerning the box turtle. 
The first was to census the animals by intensive col- 
lecting on a systematic basis. The second was to fol- 
low the detailed movements of selected individuals 
by means of a trailing device. 

Census.—The collection data were used to estimate 
the size of the population, to find the size and location 
of the home ranges of individual turtles, and to de- 
termine interrelationships of home range areas. 

In order to use collection data in these ways it was 
necessary (1) to mark individual turtles so that each 
could be positively identified on reeapture, (2) to 
record locations quickly and accurately, and (3) to 
make numerous collections well distributed over the 
study area. 

Marking.—Kach turtle was marked by filing notches 
in its marginal seutes according to the eode system 
used by Cagle (1939). A very large number of com- 
binat‘ons of marks is possible, and a reeaptured indi- 
vidual can be identified with certainty. Marginals 
four through seven were not included in the marking 
plan as these form part of the bridge joining ecara- 
pace and plastron. Marks were filed with a half- 
round bastard file. This file has some advantages and 
apparently no disadvantages over the square-edged 
metal file. The square-edged file is easily clogged 
with the bony material of the turtle’s shell and 
rapidly loses its efficiency unless cleaned frequently. 
Patience and strength are needed to file a suitably 
deep notch even with a clean file, and there is danger 
of fracturing the horny covering of the bone. The 
half-round file is essentially self cleaning, and a notch 
of any desired depth is made quickly and easily, 
with little danger of fracturing the horn. The v- 
shaped notch seems equally as satisfactory as the 
square notch of the square-edged file. 

Locations.—Colleeting locations were recorded with 
reference to markers placed at 82.5 foot intervals 
over the study plot. The U. 8. Geological Survey has 
surveyed the entire refuge, placing bronze-cement 
numbered markers at 330 foot intervals, thus dividing 
the area into 2.5 acre plots. Placing tag markers at 
one-quarter plot intervals resulted in the 82.5 foot 
grid pattern. The terrain and natural landmarks of 
the study plot became very familiar, and this simpli- 
fied spotting a marker after a turtle had been found. 
Except during the earliest part of the work, dis- 
tances could be paced and locations recorded within 
one or two minutes. 

Records.—Besides location and code number, vari- 
ous other data were recorded at the time a turtle was 
collected. Date, time of day, habitat, behavior, and 
sex were recorded for all turtles. New turtles were 
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measured and marked. Sex of adults was determined 
primarily by the plastron depression, which is ordi- 
narily deep and conspicuous in males and absent or 
slight in females. Other secondary sex characters 
such as height and shape of carapace, and eye color 
were used to verify the determinations. 

Collections—Muceh of the collecting on the study 
area took the form of systematic, standarized census 
trips. The objeet was to secure comparable data for 
use in estimating population size. A census trip con- 
sisted of an intensive two-and-one-half to three hour 
search of the study plot by two collectors, each re- 
sponsible for half the area. Every effort was made 
to cover the plot thoroughly and uniformly, and to 
secure as many records as possible. Between thirty 
and fifty collections were made on most census trips. 
Uniformly distributed, intensive collecting is possible 
only when the participants are thoroughly acquainted 
with the area being searched, and familiar with turtle 
collecting. 

Partial, or check censuses were made when there 
was not time for a complete census, or when the 
number of turtles available to collecting was small. 
In these check censuses a number of localities in 
different parts of the study area were searched. Many 
additional records were obtained incidental to other 
work in the area. All collecting was done in a way 
that left brush and other natural cover undisturbed. 

The most intensive field work was in 1945. In this 
season collections were made on 77 different days from 
Mareh to October. 
tematic census trips and 19 were check censuses. In 
this year 283 turtles were collected a total of 991 
times. Collections were made on 71 different days in 
1944 and totaled 572 records. In 1946 there were 
546 collections. 
totaled 2109. 

Trailing —The second method used in the study of 
population behavior was detailed observation of the 

travels of individual turtles. This was accomplished 
by the use of a trailing device. The data obtained by 
this method were used to study the relationship of 
the individual to its home range and to the ranges 
of other turtles, and to determine extent and routes 
of travel. These observations of travel behavior 
were also useful in interpreting the data obtained by 
collecting. 

Turtle travel routes were plotted on graph paper 
in the field. The location markers discussed above 
were used as reference points the mapping. De- 
tailed route maps were prepared for 456 turtle days. 
These provide a clear demonstration of actual turtle 
behavior. The longest record for a single turtle was 
161 days, July 3 to October 24, 1946 and May 1 to 
June 18, 1947. Ten other turtles were followed for 
periods of one to forty-four days. 

The trailing device is pictured in Figure 1. When 
the turtle moves, the spool unwinds and the turtle’s 
route is marked by a trail of thread. The idea of 
using a thread trail to study turtle behavior was pro- 
posed by Breder (1927). The trailer she used was a 


Thirty-two of these were sys- 


The collections for the three seasons 
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device hooked into a hole bored through one of the 
posterior marginal scutes. The spool of thread 
dragged on the ground a number of inches behind the 
turtle. Under the field conditions encountered in the 
present study, this design was unsatisfactory, for 
turtles almost immediately caught the device on ob- 
structions and were tethered. A workable trailer was 
developed in the summer of 1944. 

The trailer is easily made from a six ounee (S85 
by 62 mm.) can. <A metal housing is eut to fit 
smoothly on the carapace of the individual turtle. 
Two wire hooks to hold a spindle, and a guide loop 
for the thread, are soldered to the inside of the 
housing. A short metal rod cut from an iron bolt is 
used for the spindle. An ordinary thread spool 
is cut down at the core to hold about 550 yards of 
number eighty white thread, and this is placed on the 
spindle. The whole is fastened on the turtle’s hack 
with strips of waterproof adhesive. The trailer 
does not catch when the turtle walks under or be- 
tween obstacles, for it forms a smooth extension of 
the carapace, neither higher nor broader than the 
shell itself. Turtles 


‘arrying trailers move and be- 


Fic. 1. Box turtle with trail-laying device. 
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have normally; recorded movements of turtles with 
and without trailers do not differ. 

New spools of thread were easily supplied in the 
field. Adhesive was changed occasionally, usually 
after rainy weather. An old electric mixer was 
adapted to produce a mechanical winder for re-wind- 
ing the spools. Trailers were applied in the field and 
the turtles were then visited about once daily, usually 
in the evening. 


DESCRIPTION OF AREA 


The Patuxent Research Refuge, near Laurel, Mary- 
land comprises 2650 acres of land along the Patuxent 
River. Most of its area is wooded, although parts 
are agricultural land and residential area. On the 
north and northeast the refuge is bounded by the ex- 
tensive wooded portion of Fort George Meade, and 
on the south and southwest by U. S. Forest Service 
land. In other directions are mixed woodland and 
small farms. The refuge represents a fairly natural 
situation for the region, and affords a good opportu- 
nity for the study of animals under undisturbed con- 
ditions. 


Ecological Monographs 
Vol. 20, No. 4 

Plant communities of the refuge have been de- 
seribed by Hotchkiss & Stewart (1947), who have 
also summarized the more important physical and 
physiographic features. Therefore, it will be neces- 
sary here to mention only the more important general 
features, before proceeding to a description of the 
particular area where the present studies were made. 

Geologieally, the refuge lies within the Fall-line 
Clay Hills District of the Atlantie Coastal Plain 
Province (Harper 1918, Fenneman 1938).  Physio- 
graphically, the area comprises three principal types, 
flood plain, terrace, and uplands. The flood plain 
extends one-quarter to one-half mile back from the 
river, and in most places joins flat stretches of ter- 
race, with bluffs of fifteen feet or less at the juncture. 
Some places the bluffs are higher and the flood plain 
adjoins the uplands. From the terrace level the land 
slopes to the broad hilltops of the uplands. 

Box turtles have been found in all habitats, but are 
by far the most numerous on the flood plain. For this 
reason an area near the river was chosen for special 
study. The study plot was a 29.1 acre area (Figure 
2) loeated in the portion of the flood plain classed 
as well-drained bottomland forest. 
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Fig. 2. Map of the box turtle study area, 291 acres of bottomland forest along the Patuxent River. The area 
south of the river represents the study area. The major natural drainage channels are shown as broken and solid 
lines; the solid lines show the parts that contain water at all seasons. 
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Botanically these bottomlands are characterized by 
the large number of plant species that occur commonly. 
No single species dominates in numbers. The principal 
species of trees, shrubs, and herbs listed by Hotchkiss 
& Stewart (1947) for this plant community include: 


TREES 
Carpinus caroliniana 
Betula nigra 
Fagus grandifolia 
Quercus palustris 
Ulmus americana 
Liriodendron tulipifera 
Liquidambar styraciflua 
Acer rubrum 
Fraxinus americana 


SHRUBS AND VINES 
Lindera benzoin 
Toxicodendron radicans 
Viburnum prunifolium 


HERBS 
Arisaema triphyllum 
Erythronium americanum 
Laportea canadensis 
Claytonia virginica 
Ranunculus abortivus 
Podophyllum peltatum 
Impatiens biflora 
Viola affints 
Circaea quadrisuleata 
Cryptotaenia canadensis 
Galium aparine 


The turtle study area is fairly typical of much of 
the refuge bottomlands. On a hot midsummer day, 
its temperatures are in striking contrast to those of 
other parts of the refuge. Temperature rarely ex- 
ceeds 85° F. and daily midsummer maxima are ten 
to fifteen degrees below those of the open hilltop. 
Humidity is prevailingly high. 

A dense tree canopy diffuses the light so that in 
most places sunlight appears only as small flecks or 
patches. Lianas of grape festoon the trees and 
shaggy, wrist-thick stems of poison ivy vine ascend 
the tree trunks. The ground underfoot is soft with 
moisture under its cover of leafy material. The same 
leafy layer also fills numerous pits and ground de- 
pressions to the surrounding level. These pits vary 
in depth and size, but are usually eight to twelve 
inches deep and one to three feet across. Most of 
them appear to be formed where stumps have rotted 
away, the process speeded by the honeyecombing 
burrows of small mammals. Other pits are formed 
when a woodchuck burrow is abandoned, or a yellow- 
jacket nest is dug out by a raccoon. 

Heaps of woody debris, fallen tree branches, logs 
and stumps are everywhere. Trees and tree branches 





Fig. 3. Wooded bottomlands near the center of the 
study area. 

Fig. 4. Box turtle coming out of a dense viny tangle 
where it had spent the night. 

Fic. 5. Juvenile turtle leaving a ‘‘form’’ in leaves. 
sticks, and earth. 
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are brought down in storms. A falling tree often 
carries along a great tangled mass of grape and 
poison ivy vine that forms a large dense viny tangle. 
Heaps of wood and debris are piled around bush 
clumps and tree bases at times of high water. In 
these respects the appearance of the land changes, 
for each windstorm or flood brings down new 
branches, moves debris heaps about, and otherwise 
changes the distribution of this natural cover. 

Another type of cover is found in certain woods 
openings. ‘n these, Rubus and Smilax combine with 
a brushy growth of Viburnum to form dense spiny 
thickets. Some of them are so nearly impenetrable 
that they can be entered only with the aid of machete 
or clippers. 

The turtle study area, like the flood plain generally, 
is laced with a network of natural drainage channels. 
In 1945 the majority of these held water through the 
summer. In some other years the majority have been 
dry in midsummer. Even in the driest years water 
remains in some of the deeper channels. Normally 
there is little flow, but after heavy rains there is a 
strong current. It is usual for the bottomlands to be 
partially flooded several times a year. At these 
times the portion of the flood plain nearest the bluff 
is submerged, and the gullies and channels of the 
better drained portions are full. Some of the lower 
parts of the well drained bottomlands are also in- 
undated, but much land is emergent. Rarely, per- 
haps once in several years, the river overflows its 
banks and covers the entire flood plain. Even these 
floods are of short duration. Conditions become es- 
sentially normal within a few days. 


BEHAVIOR IN RELATION TO ENVIRONMENT 


The abundance of box turtles in the bottomlands 
probably depends on a favorable combination of 
environmental features. The behavior of the turtles 
in relation to shelter, food, and weather will be re- 
viewed in this section as a background for the dis- 
eussions that follow. 

One of the most conspicuous features of box turtle 
behavior in the bottomlands is the extensive utiliza- 
tion of cover. This is not confined to taking shelter 
at night. During the day, turtles that are not actively 
moving are almost always found in and around the 
brush piles, heaps of debris, and tangles of vines 
and briars that are characteristic of the bottomlands. 
Grape vine tangles make a dense cover that is fre- 
quently used. Not all trees are encumbered with 
vines, and when these or their crowns or branches 
fall, a thinner type of cover results. Turtles are 
frequently found in these places. 

A dense thicket near the center of the study plot 
is one of the most intensively used areas. At some 
times of the year it is common to find six to ten 
turtles there. The thicket covers an area of about 
twenty-five by fifteen feet, and is on the edge of a 
shallow gully. At the highest point the mass is more 
than five feet tall. It is formed by a complex of 
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Rubus, Smilax, and Viburnum. The vines of Rubus 
and Smilax interlace in a continuous tangle. At the 
ground level the old Rubus canes form a_ loosely 
packed layer. This layer contains a network of 
passages and trails made by the turtles. Several well 
marked turtle paths lead from the thieket to the 
gully. 

The gully bank for about twenty-five feet adjacent 
to the tangle is open, and is a favorable sunning area. 
The combination of the dense thicket and the sunny 
bank is apparently a good one, for this region is one 
of the best collecting spots in the study area. 

Turtles are active only during the day. As eve- 
ning approaches they seek places to spend the night. 
A particular type of construction for this purpose 1 
have termed a “form.” It is a well shaped eavity in 
leaves, debris, other ground cover, or even soil. The 
turtle makes the cavity by digging with the front 
feet and pushing and moving about from side to side. 
A form may be used only once or it may be used re- 
peatedly at intervals of several days or longer. 
Different turtles are sometimes found in the same 
form on succeeding days. A turtle in a form is often 
completely concealed; at other times the rear of the 
carapace projects. Within, the head and front legs 
of the turtle are sprawled out in sleep. Forms are 
easily recognized after a few samples have been 
seen. Figure 5 shows a turtle leaving a form in leaves 
and sticks. Forms are most often constructed in the 
midst of brush or viny debris, or in heaps of leafy 
material piled against logs or stumps. Less fre- 
quently they are made in the leafy or grassy ground 
cover away from other shelter. 

Use of a form is not invariable, although it is by 
far the commonest type of nightly retreat. Turtles 
often push up against a log or tree base, wedge them- 
selves under branches, or crawl into a heap of leaves 
er debris, without leaving any evidence of their pres- 
ence when they depart. 

Weather conditions influence turtle activity, al- 
though they do not govern it completely. The most 
favorable conditions are high humidity, warm sunny 
days, and frequent rains. The most unfavorable in- 
fluences appear to be low temperatures and drought. 
The favorable conditions prevail in the bottomlands 
for extended periods during the summer. Turtles 
ean be found moving about at almost any hour of a 
long summer day. In the cooler weather of spring 
and fall, movements are more closely restricted to 
the midday period. 

Although some turtles are active on most summer 
days in the bottomlands, not all turtles are active 
every day. Periods of aetivity are alternated with 
periods of quiet. In dry weather or unusually hot 
or cold weather a turtle may stay in its form for days 
or weeks. This behavior is especially conspicuous in 
the fall when the active days are often fewer than 
the inactive. Under the very favorable conditions of 
parts of midsummer there may be some activity each 
day for many days before a day or two of rest. Even 
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under the most favorable conditions not all the turtles 
are active. On the best collecting days some turtles 
are invariably found in forms or partly concealed in 
debris. 

These varied activity habits were first noticed in 
connection with the results of collecting trips. They 
were later shown in the records of trailer turtles. 
Some of the activity records for different months are 
shown in Table 1. These contrast the days when 
there was some activity with the days when the 
turtles remained in their forms. Seasonal differences 
in activity also show in distances traveled. In Figure 
6 the travels of ¢ 629 for a month in late fall are con- 
trasted with the travels during a week in July. Activ- 
ity in a spring month is shown in Figure 7, and be- 
havior in midsummer is shown in the other trailer 
maps. 

Water and sun may be important for other reasons 
than their stimulus to activity. Places where openings 
in the canopy have allowed sun to reach the ground 
are frequently utilized as sunning areas. The sunny 
areas that also have protective cover in the form of 
brush, vines, or tall weeds seem to be favored over 
completely open areas. The best sunning areas in 
the study plot are gully banks, margins of the old 
woods road, and woods openings formed by falling 
trees. 

Warm shallow water is present in many of the 
natural drainage channels through the summer. 
Turtles enter these readily, sometimes apparently to 
bathe or soak. 
quietly in the middle of the stream, head and top of 
carapace above the water. One turtle carrying a 
trailer made several short exeursions into shallow 


They are occasionally found sitting 


water. Several times I have found a turtle near 
the bank of a gully, partly covered by mud and water. 
I have never found large numbers of them in mud 
or pools. These groupings have been reported to 
occur in some places where summer weather is warm 
and dry (Overton 1916, Engelhardt 1916, Hurter 
1911). 

The box turtle is an omnivorous feeder (Surface 
1908, Allard 1935). It would seem that the bottom- 
lands forest should provide abundant food. Beetles 
and other insects are common, as are spiders, milli- 
pedes, harvestmen, and snails. Mushrooms and May 
apples are common at the right season. 

The foods that are most important to the box 
turtle probably vary with the season and the habitat. 
Notes were made of all feeding observations in the 
kottomlands as a possible clue to important foods 
there. Altogether I have records of sixty observa- 
Forty-three of these refer to turtles feeding 
on mushrooms. More than half of these records are 
for the first two weeks of July, when mushrooms are 
plentiful. This is an indieation that mushrcoms are 
one of the staple foods, but should not be interpreted 
to mean that they represent as high a proportion of 
the food as would appear from the field notes. Feed- 
ing on insects and other small prey would be difficult 


tions. 
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to observe, and probably was overlooked frequently. 
The seventeen records of other foods were for May 
apples, millipedes, snails, caterpillars, earthworms, 
and beetles. 


TERRITORY AND HOME RANGE 


Most species of animals whose field behavior has 
been studied carefully have been found to have home 
ranges; their day to day activities are largely re- 
stricted to a limited area. Some have been shown to 
hold territories; they defend a part or all of the home 
range. The findings of the present study concerning 
home range and territory in box turtles are deseribed 
in this section. 

Territory.—Box turtles apparently do not hold 
territories, and in facet show social tolerance. No 
turtle seems to occupy any piece of ground to the 
exclusion of other turtles. Ranges grossly overlap, 
and are sometimes completely superimposed. All 
sexes and ages appear to be equally tolerant of the 
others’ presence. Adults and juveniles of one or both 
sexes often occupy the same area. The ranges of 
fifteen of the turtles occupying parts of a five aere 
plot in the study area are shown in Figure 8. Ranges 
overlap to an even greater degree in most other parts 
of the study plot. 

Turtles are frequently found near each other, not 
uncommonly in groups of three or four. These are 
not breeding groups, for they may contain members 
of only one sex, and sometimes include juveniles. 
Sometimes the turtles are so close together their 





Fic. 8. Ranges of fifteen turtles occupying parts of 


a five-acre plot in the study area. 
A.—males. 


B.—females. 
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shells nearly touch, but at other times they are spaced 
more widely. The turtles may be together because 
the location is particularly desirable, but they must 
be tolerant of each other, or the groups would not 
occur. The amount of grouping is somewhat variable. 
For example, on the collecting trip of August 29, 
1945, 35% of the 48 turtles collected were in the 
vicinity (within 20 feet) of one or more others. On 
October 17, 1945, 63% of the 38 turtles collected 
were near one or more others. 

Fighting between box turtles is apparently a very 
rare occurrence, and is probably not related to terri- 
tory defense. In the present study no turtles were 
seen fighting although more than two-thousand col- 
lections were made. However, in the summer of 
1949 a male turtle was seen facing and biting at 
the front of the carapace of another. The second 
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turtle, also a male, had the shell closed and showed 
no resistance. Latham (1917) deseribed a fight be- 
tween two wild box turtles and Allard (1935) de- 
scribed a fight between two captive individuals. Penn 
and Pottharst (1940) reported fighting between ecap- 
tive males of another race (Terrapene c. major) kept 
in a fenced enclosure. Most aggressive behavior oc- 
curred at the breeding season. 

From the records of the present study it appears 
that fights rarely oceur in nature; there is no reason 
to believe that the turtles defend territories. Females 
usually lay their eggs some distance from their normal 
ranges and, after laying, display no further interest 
in the eggs or site. Whether a female would defend 
the site where it was actually preparing a nest or de- 
positing eggs is not known. 

Home range.—Box turtles living in the study plot 
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Fie. 9. Sample maps of home ranges based on collection records of adult box turtles. Solid lines connect con- 
secutive collection points in a single season. Broken lines connect the records of different years. Symbols as in 


Fig. 10. 


A.—female. 


B, C, D.—males 
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showed definite home range behavior. Most, if not all, 
of the adult animals oceupied specific home areas. 
There was a strong tendency for the turtles to retain 
the same home ranges from year to year. Even 
numerous collecting records cannot be expected to 


show the exact limits of range in every direction. For 


this reason slight shifts in position of range or small 
extensions or decrease of range will not be accurately 
shown by collections alone. Beyond these possible 
slight shifts there appeared to be no change in range 
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among the 106 turtles collected three or more times in 
each of two successive years. Most recorded ranges 
in succeeding years overlapped broadly or were nearly 
identical. There may have been weekly or monthly 
changes in the exact amount of land traversed, and 
in the shape of the home range area, but such changes 
were not detected. There were no records of turtles 
changing their ranges completely, and no evidence 
that residents of the study plot moved away. All 
turtles that could be definitely rated as residents of 
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Sample map of home range of a female box turtle based on collection records. 


B.—Map of collection records of a turtle displaced from her normal range by a flood in the summer of 1945. Records 
in the home range both preceded and followed the flood record of July 20. 
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the plot in 1944, on the basis of four or more ecol- 
lections in the area in that year, were retaken there 
in 1945. Examples of record maps made from ¢ol- 
lecting data are shown in Figures 9 and 10. 

Box turtles tend to remain in their home ranges, 
even under adverse conditions. This was demon- 
strated when flood waters covered the bottomlands 
in July 1945. Rains began July 14 and continued 
more or less steadily through July 19. The Patux- 
ent River overflowed its banks, and the bottomlands 
became a swirling mass of water for one-quarter to 
one-half mile back from the river. The study plot 
was completely submerged to a depth of two to three 
feet. The flood peak came July 18. On July 19 and 
20 most of the land was still under water, ut the 
water level was lower, and there were elevated por- 
tions not submerged. On these two days, 25 turtles 
were collected in the study area. Most of the 
turtles proved to be within their normal ranges, de- 
spite the severity of the flood. Eighteen of the 25 
turtles collected July 19 and 20 were collected be- 
tween 5 and 14 times each in the 1945 season, so 
their ranges were fairly well understood. Of these 
18, one turtle apparently had been earried by the 
flood waters, for she was found 670 feet from the 
nearest portion of her normal range. She was found 
in her usual home range 11 days later, and was col- 
lected there 8 more times that season (Figure 10b). 
Two others may or may not have been moved by the 
flood for they were found 170 feet from the nearest 
known parts of their home ranges. The remaining 


15 evidently were not displaced, for the'r fleod reeords. 


were within their normal ranges. 

Seven of the 25 turtles found during the flood 
were collected fewer times in the 1945 season, so 
their status in the population was less clear, and 
their flood records less subject to interpretation. 
Nevertheless, with two exceptions, collecting localities 
at flood time were less than 150 feet from their other 
collection points. 

These findings concerning home ranges are in ac- 
cord with these of Niehols (1939). He found box 
turtles in the same general localities after many 
years. He records one instance of fifteen years, one 
of ten years, and a greater number for shorter 
periods. 

. Turtles with established ranges in the study area 
oceasionally left their ranges for short periods, and 
turtles from other places occasionally passed through 
the study area as transients. These trave!s present 
a separate problem, and are discussed later. They are 
mentioned here to show that constaney to the home 
range is not invariable. 

The toregoing discussion refers primarily to adult 
turtles. The age when the home range is cstablished 
is not known. In the present study, juveniles were 
collected infrequently, and there were too few repeat 
captures to answer the question with certainty. How- 
ever, a few juveniles seemed to have established 
ranges. A turtle 88 mm. long in 1944 was collected 
within the same 100 foot area a total of 7 times. Tt 
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was taken 3 times in 1944, once in 1945, and 3 times 
in 1946. Another, 97 mm. long was collected once 
each in 1944 and 1945 and 3 times in 1946; all records 
were within 325 feet. Some other juvenile records 
are shown in Table 3. The paucity of data concern- 
ing juveniles may be an indication that some turtles 
of this age behaved differently from those previously 
described. 


SIZE OF HOME RANGE 

Discussion.—Size of home range is a significant 
variable in an animal population for it expresses the 
effect of a complex of environmental features. The 
size of the home range with the size of the population 
constitutes an expression of the status of the popula- 
tion and an index to the suitability of the environ- 
ment. 

The factors that govern the size of the home range 
are largely unknown. There have been few detailed 
comparative studies of home range variation in any 
species. Nevertheless, it may be worth while to con- 
sider some of the factors that may influence range 
size. 

(1) Environment. Food, shelter, and other phys- 
ical features of the environment influence range size. 
There is cvidence that range sizes are larger in un- 
favorable habitats than they are in favorable ones 
(L. F. Stickel, 1948). It is logical to expect varia- 
tions in the suitability of environment from place to 
place. Seasonal or annual changes might also pro- 
duce variations in a single locality. 

(2) Physiology. The individual’s needs will de- 
termine the distances of travel under a given set of 
environmental conditions. At one extreme, in very 
poor habitat, the energy expenditure required to se- 
cure food might exceed the energy value cf the food 
(Leopold 1933). Food and shelter might not be 
available within a reasonable distance of each other. 
At the other extreme, when there is an abundance of 
food and shelter, other physiological needs (perhaps, 
for example, exercise requirements) might cause an 
animal to travel over a larger range than would be 
necessary to secure food or shelter. 

(3) Population size. Range sizes might tend to be 
smaller in densely populated areas than in sparsely 
populated enes, because of the pressure of crowding. 

(4) Territorialitv. The desire of individuals for 
exclusive use of property of a certain minimum extent 
may under some conditions limit the minimum size 
of range (Burt 1940). 

Turtle ranges.—The average size of the home range 
was calculated from the 1945 reeords. A_ single 
season’s records were used so that range shifts o1 
population changes would not influence the results. 
Collections in 1945 were more numerous and _ better 
distributed over the study plot than the collections 
of other years, and gave the most nearly complete 
data. Quantitatively similar caleulations could not be 
made for 1944 and 1946 because of the differences in 
collecting pressure. However, the mapped travels of 
turtles in these two years showed a very elose simi- 
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TABLE 2. Box Turtle Ranges and Collections in 1945 
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*Increased to 765 ft. on trip away from home range. §Increased to 1380 ft. on egg laying trip. 


tIncreased to 770 ft. on trip away from home range. 
tIncreased to 855 ft. when carried by flood. 


larity to the 1945 records. There seemed to be no 
difference in range size in the three separate years. 

Most of the collecting in 1945 was done on sys- 
tematic census trips, when the entire study plot was 
carefully searched. When collecting is done in this 
way, turtles are likely to be found in many different 
parts of their ranges, and the range size will be esti- 
mated more reliably than it would be if collecting 
were casual. Collections were made on seventy-seven 
March to October. Nine-hundred and 
ninety-one records were secured, a greater number 
than in any other season. 

Box turtles normally traverse their ranges within a 
period of a few days. It is theoretically possible to 
find the size of the range, or at least its maximum 
diameter, by a relatively small number of collections. 
In practice this is not strietly true. When only a 
few collections are available, it is impossible to de- 
temine which turtles have their home ranges 
pletely within the study plot, and which have 
ranges partly inside and partly outside the area. 
Further, there is no way to distinguish between these 
resident turtles and the transients that are traveling 
through the area. Records of transients would be 
especially difficult to interpret. In a season’s collect- 
ing, the permanent residents of the area will be col- 
lected more times than the transients and border resi- 
dents. The number of collections per individual can 
therefore be used as an aid in selecting the turtles 
whose records are used to calculate the average range 
size. For the present calculations the travel records 
were grouped according to number of collections, and 
the groups were studied to find the ones most suitable. 


days from 


¢oni- 
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tIncreased to 985 ft. at peak of flood. 


Among males, there was no significant difference 
in the ranges of turtles taken three times and those 
taken any greater number of times. Trips outside 
the home range for egg laying or other purposes com- 
plicated the records of female turtles. Non-resident 
turtles traveling through the study area were sor- 
times collected at two or more points in their travels. 
As a result, the average travel range of female turtles 
collected twice exceeded the travel range of those 
taken three or four times. Also, the average range 
of those taken three times exceeded the range of 
those taken four times. Averages for female turtles 
taken 4, 5, or 6 times were not significantly differ- 
ent from each other. Individuals collected more than 
six times were too few in each unit group for reliable 
comparison. In this group there were some turtlcs 
with well defined ranges who made travels outside the 
home range, so their maximum travel distances were 
unduly great. 

A conservative procedure was decided upon; ealcu- 
lations of range size were based on the records of 
turtles collected at least six times. On this basis 
there were 440 records for 55 turtles, an average of 
8 collections per turtle. Four examples of travels 
outside the home range made by female turtles were 
excluded from the data before calculation. Travel 
distances are shown in Table 2. 

The mean range (average maximum known diam- 
eter of home range) of adult males in the study area 
in 1945 was 330 feet, with a standard error of the 
mean of 26 feet. Standard deviation was 137 feet. 


One standard deviation on each side of the mean in- 
cludes home range sizes between 193 and 477 feet. 
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The ranges of two-thirds of the population can be 
expected to lie between these limits. The coefficient 
of variation is 41.5. 

The mean range of adult females is 370 feet, with 
a standard error of the mean of 29 feet. The standard 
deviation is 149 feet, so two-thirds of the population 
should have ranges between 221 and 519 feet. The 
coefficient of variation is 40.3. 

There is no significant difference between the size 
of male and female ranges; the difference between 
the means contains its standard error 1.04 times. 
Therefore, the records of the two can be 
grouped and studied together in problems related to 
range size. 


sexes 


The range sizes found in the present study are of 
the same magnitude as those found by Nichols (1939) 
on Long Island. Twelve of the box turtles that he 
released at the site of capture were recaptured six 
months to six years later. They were retaken from 
less than 150 feet to as much as 750 feet from the 
places of original capture. The average distance for 
the twelve was 390 feet. 

Range size among juveniles has not been estab- 
lished, nor has it been found whether all juveniles 
have home ranges. The 1945 travel records for 
juveniles 107 mm. and smaller are shown in Table 3. 


TABLE 3. Travels of Juvenile Turtles 





| 
| . 

| Times | 1945 
Code |Length| coll. | distances} 
number | mm. | 1945 feet 


Collections other years 


GOES genes |} 8&8 | 2 520 none. 
ee | 97 2 1360 Once in 1944, 125 ft. from the nearest 1945 
H record, 
| 
825..... | 103 |} 2 280 Three times in 1946, overlapping the 1945 
| | records. 
re 104 | 2 455 none. 
ae 106 | 6 170 Once in 1944, 5 times in 1946, overlapping 
| | | the 1945 records. 
} | : 
Cece)! Ie | 2 1230 | Once in 1944, 290 feet from the nearest 
1946 record. Three times in 1946, within 
| 245 feet. Two of the 1945 records over- 
| lapped the 1946 records, 





Measurements were made in a straight line from an- 
terior to posterior margin of carapace. Measurements 
in this table are for the year the turtle was first col- 
lected. Therefore several of the turtles were larger than 
this in 1945. 


The shortest and longest travel records for juveniles 
do not differ appreciably from those of adults col- 
lected an equal number of times. Juvenile travel 
records for other years were similar to these. 

The long travels are proportionally more numerous 
among these juveniles than among adults. Perhaps 
this is the result of sampling error owing to the 
smallness of the series, but it is also possible that it 
is an indication that more juveniles than adults are 
prone to extensive wanderings. The small number 
of collections per juvenile may indicate that young 
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turtles travel extensively, or it may simply reflect the 
fact that they are difficult to find. 


MOVEMENT PATTERNS IN 
THE HOME RANGE 


Very little is known about the daily travels of any 
animal, except that they are usually limited to a 
definite home range. It is not surprising that this 
subject has been studied so little, for most animals 
are difficult to observe. Many are nocturnal, and al- 
most all are wary. In contrast to other animals, the 
box turtle is almost ideally suited for studies of 
travel and range relationships, for it can be made to 
map its own travel routes. 

In the present study the use of a trailing device has 
been the principal technique in determining move- 
ment patterns of the box turtles. The trailer, a small 
light structure that is attached to the turtle’s cara- 
deseribed in detail and illustrated in the 
section on methods. As the turtle moves, a spool of 
thread unwinds, and makes an exact end detailed 
record of the turtle’s travels. Routes can be fol- 
lowed for days or weeks. The behavior of a turtle 
carrying a trailer appears absolutely normal. Its 
method of walking, speed, and other actions are the 
same as for turtles without trailers. The distances 
traveled are entirely comparable. 

The principal difficulty of the method is that only 
a few turtles can be studied this way at any one time. 
Locating the turtles each day and supplying new 
thread occupies about two hours per day for five 
turtles if they all live in the same vicinity. When 
their paths are divergent, or they live at distances 
from each other, the time required is greatly in- 
creased. More prohibitive is the problem of mapping 
the travel routes. In the study area markers at reg- 
ular intervals simplified the mapping but it was 
nevertheless very time consuming. 

Detailed travels of eleven turtles were followed and 
mapped for 456 turtle days. The longest record for 
one turtle was 161 days. The ten others were fol- 
lowed for periods of 1 to 44 days. 

Systematic collecting in the study area provided 
more indirect data concerning turtle movements. Ali 
collection sites were mapped and the maps were used 
in making interpretations of some of the trailer data. 
Generalizations concerning travel behavior are based 
on evidence gathered by the combination of methods. 

The normal movements of a turtle in its home range 
form a complicated patterns (See Figures 6-7, 11- 
WS): 

(1) There are numerous turns, doublings, detours, 
and criss-crossing paths. These appear in the routes 
of nearly every turtle followed with a trailer in its 
home range for as much as one day of activity. 

(2) There is an interspersion of fairly direct routes 
or traverses of the home range so that the principal 
parts of the range are visited in a relatively short 
time. 

(3) There is a tendeney for some routes to be 
traveled more frequently than others. At intervals 
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8 
Fig. 11. Travels of adult male 424 during eight days of midsummer, July 7 through July 14, 1945. (1) re- 


leased July 6 at 7:00 p.m. (2-4) July 7, (5) July 8, (6-8) July 9, (9-11) July 10, (12-13) July 11, (14-15) 


July 13, (16) July 14. 


of a day or more a turtle may return to a particular 


tree or bush. Each time it will make a turn or two 
around it, until finally an irregular web-like pattern 
results. The route may loop around the end of a 
particular log many times in different trips across 
the range. One turtle walked along a single short 
stretch of path seven different times in eight days, 
traveling over diverse areas between times. These 
travels are shown in Figure 11. 


The distance a iurtle travels in a day usually has 
very little relationship to the distance measured in a 
straight line. People occasionally report finding the 
same turtle in nearly the same spot several different 
times, and conclude that the turtle is extremely 
sedentary. There are times when turtles travel very 
short distances, or none at all for some days, but if a 
day is favorably warm and moist the actual distance 
may be great in relation to the straight-line distance, 
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Fig. 12. Collections and trailer records for male 192. 





Symbols as in Fig. 7. Trailer records, 1945: (1-2) 


July 6, (3-5) July 7, (6-7) July 9, (8) July 10, (9-10) July 11, (11-12) July 12, (13) July 13, (14) July 14, (15) 


July 15, (16-17) July 16, (18) July 17. 


or even to the total diameter of the home range. One 
of the trailer turtles covered 456 feet in a day with- 
out leaving its home range, which was less than 300 
feet in diameter. The straight-line distance between 
the form the turtle left in the morning and the form 
where he spent the night was only 170 feet. This 
much travel on a favorable day is not exceptional. 

There is some variation in the amount of its home 
range a turtle covers in a single day, but most turtles 
seem to reach or approach the extreme limits within 
a relatively short period. 

Collection records show no correlation between the 
distance that it traveled and the time that has elapsed 
between collections. Maximum distances may be re- 
corded within a few days or weeks, and minimum 
distances may be recorded after time lapses of months 
or years. The tendency to reach the limits of the 
home range in short periods was also shown by the 
trailer turtles. Three examples are given below. 

Example 1.—The home range of Male 192 was de- 
termined by collecting records to be about 285 feet 
in greatest diameter in 1945. The records for two 
other years gave similar results: 265 feet in 1944 and 
290 feet in 1946. During four days in July, 1945, 


while carrying a trailer, this turtle covered an area 
having a maximum diameter of 245 feet. This was 
only forty feet less than the distance recorded in 
collections from April to September of that year. 
The detailed route of travel for these four days and 
an additional seven days is shown in Figure 12. 

Example 2.—Trailer records for Female 476 
covered an area 390 feet in greatest diameter during 
a two-week period in July. Seven collections during 
the year showed a maximum range of 355 feet. This 
record is shown in Figure 13. 

Example 3.—The home range of Male 629 was de- 
termined by collecting records to be about 235 feet 
in diameter. During five days in July, while carry- 
ing a trailer, he covered an area 185 feet in diameter. 
Trailer records for four additional days did not in- 
crease the distance. These and other records for this 
turtle are shown in Figure 6. 

The general tendency to cross and re-cross the en- 
tire home range at frequent intervals is not followed 
by all turtles. Other types of travel are best illus- 


trated by trailer records, but are also suggested by the 
collecting records. 
A simple variation is to cover only a part of the 
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Fic. 13. Collections and trailer records for female 476. 
Trailer record numbers show dates in July, 1945. 


range at a time. Movements within this area follow 
the patterns described above. There was one striking 
example of this among the trailer turtles. A male 
turtle, number 424, had a total seasonal range of 
about 510 feet in greatest diameter. For twenty-nine 
days, May 21 to June 18, he remained in and near a 
single brushy entanglement at the extreme northern 
portion of his range. During this time all his travels 
were within an area ninety-five feet in diameter. A 
few weeks later this turtle was in the most southern 
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part of his range. A trailer was again attached and 
his route was followed for eleven days, July 5 to 15. 
During this time his activities were limited to an area 
260 feet in diameter, which was very intensively 
covered. The eleven day route is shown in Figure 11. 

Some turtles may have two home ranges, and travel 
between them at infrequent intervals. The single 
example of this behavior was provided by an adult 
female turtle. In the summer of 1946 she was col- 
lected far distant from her normal range, and a 
trailer was attached in hopes of finding an explana- 
tion of her travels. This turtle had been studied by 
collections in 1945, and one of these 1945 records 
had also been well removed from the others. The 
travels of this turtle were recorded from July 3, 1946, 
until hibernation on October 24, and from the time 
of leaving hibernaticn May 1, 1947 until June 18, 
1947, a total of 161 days. 

She was collected July 3, 1946, on a hilltop road- 
side. <A trailer was attached and she was released 
within the hour at the same place. The first part of 
her route was related to egg laying. At 6:45 p.m. 
on July 6 she was found digging an egg hole in a 
gravelly clay spot on the shoulder of a little used 
road, 1045 feet from where she had been released. 
By 7:45 p.m. the egg hole had been filled with earth 
and the turtle was in a form a short distance away. 
In the days following she traveled an irregular route, 
mainly through an old pine field, and on July 13 
reached the edge of the bottomlands bluff. 

The trip through the bottomlands to her previously 
known range was completed by July 22. There she 
remained for nearly a month, eriss-crossing her range 
and following a twisted zig-zag route, all typical 
home range behavior (Figs. 14a & b). 

On August 17, following a rain, she started south- 
ward and in three days traveled in a fairly direct 
route to a place 480 feet distant where her movements 
again took on the typical home range pattern. She 
stayed here for one month before starting north 
again (Fig. 14b, ¢). 

The northern trip occupied four days. Again in 
her northern range she exhibited typical home range 
behavior. By this time the weather was less favor- 
able for turtle travels than it had been in mid-sum- 
mer and the daily movements were shorter. The night 
of October 23, she covered herself with earth and be- 
gan hibernation in her northern range. The place 
of hibernation was only 30 ft. from the spot where 
she had hibernated in the winter of 1944-45 (Fig. 
14e). 

She left the place of hibernation on May 1, 1947 
and traveled about 10 ft. that day. She remained in 
the northern part of her range until May 27, travel- 
ing intermittently. Between May 27 and 29 she 
traveled south over the same general path used pre- 
viously in north-south trips, but instead of stopping 
in her usual summer range she continued into an old 
pine and sweet gum field. Her route in this field 
was similar to the route she followed in 1946 when 
she was returning to the bottomlands after laying 
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Fie. 14. Maps of the travels of female 539 from July 13, 1946 until hibernation October 23. The three maps 
show the same area and give a continuous record. Orientation from map to map can be made from the dates 
marked along the route. 

Returning from an egg-laying trip, she entered the bottomlands July 13 and traveled some each day. On July 
22 she was found in the home range where she had been collected several times in the previous year. Here her 
travels took on a pattern typical of home range behavior. She remained in this area for nearly a month, July 22 
through August 16. 

On August 17 she started southward, and in three days traveled a straight line distance of 480 feet to arrive 
at a place where her movements again took on the typical home range pattern. She stayed in this vicinity for 
one month, until September 17 before starting north again. 

The northern trip took four days. Again in her northern range she showed typical home range behavior, 
traveling in this region for thirty-three days, until October 23. Daily travels were shorter than in midsummer 
and she did not travel every day. On the night of October 23 she began hibernation thirty feet from the place 
where she had hibernated in 1944-1945. 
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Fic. 15. Collection records for female 416, showing restricted summer range on riverbank, and travels to hi- 
bernating area south of there in 1944, with return to riverbank range the following spring. 


eges. On June 18 she was at the edge of the field, 
not more than 50 ft. from the egg laying site of 1946. 
The trailer was removed on this date, and no further 
trailer records were made. No turtle collection trips 
were made during the remainder of the summer. 
However, this turtle was collected again October 10, 
1947 in the northern part of her range in the bottom- 
lands. 

To summarize: In the time this turtle was under 
observation in 1946 a northern range of 400 ft. diam- 


eter was occupied for a total of fifty-nine days, in 
two separated intervals, while a southern range of the 
same size was occupied for 28 days. The two ranges 
were more than 400 ft. apart at the point where they 
approached each other most closely. Travels in the 
early part of 1947 followed a similar pattern. 

It is not likely that many turtles divide their time 
between separated areas, but the behavior is probably 
not unique. Collecting records for most turtles are 


well distributed through the season, and have, except 
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in a few eases, given no indication that the turtles 
left their ranges for appreciable periods. One col- 
lection record for this particular turtle had been far 
from the others, but until the travels were followed 
with a trailer interpretation was impossible, for 
turtles as well as other animals occasionally make 
brief trips away from their home ranges. 

One female turtle traveled away from her usual 
range in the fall, hibernated in the new area, and re- 
turned to the original range in the spring. The 
records of this turtle are of particular interest because 
her summer range was so small. She was collected 
more times than any other turtle in the study area, 
so the record of her behavior is relatively complete. 
She lived on the riverbank in the northern part of the 
study area. She was collected 33 different times from 
1944 through 1946. Twenty-five of these collections 
were within an area 170 ft. in diameter. In the fall 
of 1944 she moved from this range to a place 220 
ft. away. For most turtles this distance would not be 
significant, but was an appreciable distance for this 
unusually sedentary turtle. She hibernated in the 
new location. On March 29, 1945, she was found 
emerging from the hibernating hole, a cavity dug in 
the ground in the midst of logs and brush. She mated 
near this same place April 26. On May 31 she was 
retaken in her home range on the river bank where 
she was frequently collected thereafter. The hi- 
bernating area was searched in the spring and fall 
of other years to see if she would return to the same 
area. On October 15, 1948 she was again found near 
her 1944 hibernating place. In the spring of 1949, 
on March 29, she was found emerging from a hi- 
bernating hole about 50 ft. east of the place used in 
the winter of 1944-45 (Fig. 15). 

Other records of turtles collected far from the 
places that were known to be their normal ranges 
are discussed and described in the following section. 


TRAVELS OUTSIDE THE HOME RANGE 

Box turtles occasionally leave their normal ranges 
for more or less extended travels. Females at egg 
laying time often go long distances from their home 
areas to deposit their eggs in suitable sites. In the 
present study it was also found that both males and 
females occasionally leave their home ranges on trips 
of unexplained nature. 

The length of the egg-iaying trips probably depends 
in part on the distance between the home range and 
suitable egg laying sites. Minimal distances are 
shown by collections made in June, during the egg 
laying season, when female turtles are sometimes 
found far from their normal ranges. 

One female, number 426, was collected 1320 ft. 
from her home range on June 15, 1945, and may have 
gone farther before laying eggs. Later in the sum- 
mer of 1945 and in 1946 she was collected in her 
normal home range a number of times. On June 16, 
1948, she was collected on the hilltop, 2370 ft. from 
her home range, farther away than the 1945 collection 
but in the same general direction. 
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Five other turtles whose study area ranges were 
well known were collected away from these ranges in 
June. The distances were 2540, 2200, 1550, 850, and 
820 ft. 

It is not yet known whether turtles return to the 
same place for egg laying in different years. Three 
different turtles have been collected in the head- 
quarters area in June or early July of two different 
years and collected at other distant areas in between 
times. A number of turtles have been collected in 
the headquarters area in different years at the egg 
laying season but not at other times. Some may 
have been headquarters residents, but others probably 
had ranges elsewhere. These records suggest that 
turtles may return to at least the same general locality 
to lay eggs. 

The other travels, made by both sexes, are not so 
easily understood. These trips have been reported 
for other animals. Individual Peromyscus are known 
to make trips away from their normal ranges and 
then return to them (Blair 1940, Storer, Evans, and 
Palmer 1944). Travels greater than normal are fre- 
quently recorded in population studies. Many of 
these may indicate trips away from the home range 
rather than unusually large ranges or random wander- 
ing. Some transient behavior may be explainable on 
the basis of trips away from the home range. 

This behavior among box turtles was first sug- 
gested by a study of the maps of collection points. 
Later, trailers were attached to certain turtles sus- 
pected of being transients and their travels were fol- 
lowed in an effort to learn more of the nature of 
these trips. 

There is some evidence that the trips outside the 
home range may not be random in direction, and that 
travels may be to and from the same area on different 
oceasions. If this is true, the difference between 
travels away from the home range and the possession 
of two home ranges is only one of degree, depending 
on the length of time spent in each area. <A female 
box turtle, number 628, showed this behavior. She 
was collected in the study area for the first time in 
late September 1944. She was not retaken in 1945 
despite intensive collecting in the vicinity of her cap- 
ture and in surrounding areas. In the following year, 
July 8, 1946, she was again collected, near the 1944 
locality. A trailer was attached to follow her move- 
ments, and she was released July 9. For nine days 
she showed typical home range behavior, moving 
around in an area 400 ft. in diameter. Then on July 
18, she began moving southeast in a direct line. By 
July 20 she was several hundred feet outside the 
borders of the study plot and nearly 700 ft. from 
her temporary range in the study plot. The trailer 
ran out of thread and the record ended at this point. 
She was not collected again although her temporary 
range in the study area was searched frequently, and 
several collecting trips were made in the vicinity of 
the place where the record ended. 

The turtle with two home ranges, female No. 539, 
traveled between the ranges at infrequent intervals. 
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She traversed the same general area each time. If 
fairly intensive collecting had been done in this in- 
termediate zone and in no other places, it is likely that 
she would have been collected a time or two in 
different years. She would have been correctly rated 
as a transient, but her behavior would not have been 
understood. 

The activities of a male turtle found in the study 
area once only were recorded by a trailer for a por- 
tion of his route. He was collected August 28, 1945, 
a trailer was attached, and he was released where he 
was found. He remained in a debris form near this 
place for four days. On September 1 he began to 
move, traveling northwest in a nearly straight path 
for 845 ft. He escaped here near the river several 
hundred feet west of the study area, and was not 
collected again. 

Some turtles were collected in the study area once 
only in each of two or more different years, often 
near the same place each time. Others were collected 
only once. Some of these visitors to the area were 
also collected outside the borders of the plot often 
enough to show that their ranges adjoined or partially 
entered the plot and it was entirely reasonable to ex- 
pect that they would be collected in the study area 
occasionally. The river bordered one side of the 
study area and formed a partial barrier that was 
crossed by an occasional turtle. 

Some of the visitors were re-collected far from the 
study plot, and others were never taken again. 
Nothing is known of the status of these turtles. 
Probably some of them had home ranges elsewhere 
and returned to them. Some may have been wander- 
ers, Without established ranges, although there is no 
evidence of this. 

It may be said in summary that turtles occasionally 
travel away from their established ranges. Some- 
times on successive trips nearly the same paths are 
followed to a particular destination. It is not known 
how often this is true, for the destination and fre- 
quency of trips are poorly known. Female turtles 
regularly undertake long travels for egg laying pur- 
poses. 


POPULATION SIZE 


Estimate from season’s collecting.—During the sun- 
mer of 1945, 245 adult box turtles were collected on 
the 29.1 acre study plot. Recapture records showed 
that some of these turtles had ranges entirely within 
the study plot, while others ranged both outside and 
inside the area. Still others apparently visited the 
plot briefly or passed through on the way to other 
areas. 

The number of turtles collected on the study area 
is therefore greater than the actual population. Dice 
(1938) stated that on the average it is statistically 
correct to assume that when all the animals using 
a plot of ground are collected, they will represent the 
population of that area plus the population of an 
areca around its borders equal in width to one-half 
the average home range. The home range diameter 
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of the turtles averaged 350 ft. Adding a border strip 
of one half this width (175 ft) around the study 
plot increases the area to 42.6 acres. The residents 
and border residents can then be considered to repre- 
sent the population of a 42.6 acre area. 

The number of visitors or transients through the 
area will also increase the number of turtles collected. 
The behavior of these turtles is discussed in a pre- 
vious section. Their numbers are difficult to de- 
termine exactly, but a reasonable estimate can be 
based on the number of times individual turtles were 
collected during the season (Table 4). Resident 
turtles will be captured a number of times, border 
residents less frequently, and transients even less 
often. 


TABLE 4. Repeat Collections in 1945 





INDIVIDUALS CuMULATIVE TOTALS 


| NUMBER OF | 
| 
Number of | | —| 

















Collections | Male | Female | Male Female 
ee 26 36 117 128 
AR mee 19 19 91 92 
- Creare 16 23 Te 73 
Ne te 16 11 56 50 
Ms wig eiceer 12 11 40 39 
ee 5 12 28 28 
eae 10 4 23 16 
_ See 4 2 13 12 
ee ee 3 4 9 10 
| EE ae 2 2 6 6 
Me ts 2 2 4 4 
| 1 0 2 y 4 
I sa cciciSsebchonde: 0 0 1 2 
| ae 1 1 1 2 
MI ic kestcns 0 1 0 1 








It is believed that most turtles collected only once 
were transients, although some transient turtles were 
collected two or even three times on their way 
through the area. On the other hand there were 
probably some turtles that were collected only once 
because their ranges barely entered the plot. The 
criterion of a single collection to indicate a transient 
individual is therefore not infallible, but is probably 
true for the great majority of individuals, and satis- 
factory for use in generalizations. Trailer studies of 
transient turtles support this view. It is also of in- 
terest that the sex ratio is equalized if one-capture 
individuals are disregarded (Table 4). 

There were 183 turtles collected two or more times 
and 62 others collected only once in 1945. In all 
there were 928 collections, with 62 (6.7%) being 1- 
capture individuals. These occasional visitors were 
fairly evenly distributed in collections through the 
The population can then be estimated at 
4.3 adult residents and border residents per aere 
(183/42.6 A) plus a transient population comprising 
about 6.7% of the total at any one time. This brings 
the total to 4.6 per acre. The population of adult 


season. 


turtles is therefore estimated to be between 4 and 5 
adult turtles per acre on the study plot. 
Estimate from special census trips.—The number 
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of box turtles was also estimated by sampling the 
population at different times and comparing the 
samples by a collection ratio. This ratio may be ex- 
pressed in general terms as follows: 

Number of animals in 
the second sample 


Total number of animals in the 
population 
Number of marked 
animals in the 


second sample 


Total number of marked animals 
in the population (marked when 
the first sample was taken) 


Pearse (1923) and Cagle (1942) used this method 
to estimate numbers of turtles. Various workers 
have used it to estimate numbers of birds and mam- 
mals, and it was used in fisheries work at least as long 
ago as 1895 (Peterson 1895). The equation has fre- 
quently been referred to as the Lincoln Index, fol- 
lowing its use by Lincoln (1930) in estimating water- 
fowl abundance. An elaboration of the method, 
taking both death and migration into account, was 
made by Jackson (1939) in estimating numbers of 
tsetse flies. Schnabel (1938), Schumacher & Esch- 
meyer (1943), Underhill (1941) and others have 
also presented methods for obtaining estimates from 
collections when several successive samples were taken 
from the same population. 

Assumptions concerning the sampling.—In collect- 
ing the data for population estimates it is necessary 
to give particular attention to the sampling criteria 
that are implicit in the equation. If the principle 
of the above equation is to be applied in making esti- 
mates it is assumed that: 

(1) All animals in the population have equal 
chances of being collected. In other words, collection 
is not selective. The marked animals in the popula- 
tion are neither more nor less likely to be collected 
than are unmarked animals. Methods of collecting, 
marking, and handling should not adversely affect the 
animals, nor should they make them easier to collect. 
Any periodic behavior of individuals or groups that 
would alter availability should be considered. 

In the present study, locations and code numbers 
were recorded in the field, and the turtles were re- 
leased where they were found. The handling and 
marking did not affect the behavior of the turtles so 
far as could be determined. Late summer collections 
were used for census calculations so the data would 
not be influenced by the absence of females on egg 
laying trips, by early hibernation of some turtles, 
or by the ease of collecting others at sunning areas 
in the fall. The collections were spaced to allow free 
movement of turtles over their ranges between col- 
lections and assure the more nearly equal availability 
of all turtles. 

(2) There is no prejudice in collecting. Certain 
areas do not receive particular attention to the neglect 
of other areas. If the animals moved at random, 
the collecting method might not be so important. 
But since most animals have finite ranges, collecting 
should either be randomized or equally distributed 
geographically (See also below). 

Samples for estimating the size of the box turtle 
population were taken by systematic collecting trips. 
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During these census trips an effort was made to cover 
the study plot as thoroughly as possible. The length 
of the collecting period was standardized and col- 
lections were made by the same two persons. 

(3) The balance between marked and unmarked 
animals is assumed to remain undisturbed between 
the two sampling periods. That is, marked animals 
in the area do not leave it to be replaced by unmarked 
animals, and so reduce the proportion of marked 
animals. There is no influx of unmarked animals 
into the area and no differential loss to the popula- 
tion among marked animals as against unmarked 
animals. 

This assumption is not apt to be true in any natural 
population. A large influx of unmarked animals 
would not be expected unless a breeding season inter- 
vened between the two samples. However, there is 
a steady stream of transients in many populations 
and if they are numerous some of them will be marked 
in the first sample. Before the second sample is 
taken they will'move on and be replaced by other, 
unmarked transients. The ratio of marked to un- 
marked animals in the area will then be different at 
the time of taking the second sample than it was im- 
mediately following the first sample. This disturb- 
ance is not likely to be large enough to be significant 
except under unusual circumstances, when there is a 
very large transient population. 

The box turtle population always included a smali 
proportion of transients. The method of taking their 
numbers into account in the population estimate is 
described below. 

Another factor affecting the balance between un- 
marked and marked animals is the behavior of ani- 
mals living on the borders of the area, with part of 
their range inside and part of it outside. These 
animals will have less chance to be collected than will 
strictly resident animals. Some individuals marked 
in the first period will be outside the area at the next 
collection and be replaced by unmarked individuals 
from outside. Error from this source will be small 
if the study area is large enough that there are a 
great many more animals with ranges confined to the 
area than there are animals with ranges overlapping 
the borders. The error may be very great if the 
sampling area is relatively small in comparison with 
the ranges of the animals. In practical field prob- 
lems it is almost always necessary to use relatively 
small study plots, so the error introduced is often 
significant. 

Modifications of the box turtle data to allow for 
the behavior of border residents is now discussed. 

Effect of random sampling—Even though the 
sampling itself is carefully done, the error of ran- 
dom sampling will in practice produce variations in 
the estimates. An estimate based on one pair of 


samples will often be seriously in error for this 
reason alone. 

Several workers have concerned themselves with 
this problem and have developed methods to give the 
best results from available data. Reference is made 
particularly to the papers of Jackson (1933, 1936. 
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1939, 1944), Ricker (1948) Schnabel (1938), Schu- 
macher & Eschmeyer (1943), and Underhill (1941). 

In general these methods provide suitable methods 
for combining the data from successive sampling of 
the same population. Schnabel’s fourth method, 
which she recommends for use when the size of the 
sample is relatively large in proportion to the size 
of the population seems most applicable to the 
present problem. The formula is 


where M=the number of animals collected and 
marked in the first sample; t = the total number of 
animals taken in the second sample; r = the number 
of repeats (marked animals) taken in the second 
sample. 

A simpler procedure used by Underhill (1941), 
adapted from one of Schnabel’s methods gives es- 
sentially the same results in the present study. The 
formula is 

=Mt 


=r 
with the symbols having the meanings just given. 

The relatively small number of turtle repeats (8 
to 18) will decrease the reliability of estimates from 
these formulas, tending to give estimates that are 
slightly high. 

In the census collecting, each turtle could be col- 
lected only once in a given period, and 40 collections 
means 40 different individuals. In truly random 
sampling (as assumed by the collecting ratio and the 
equations above) each individual would have an equal 
chance of being taken at each of the 40 collections in 
the sample. In a population that is very large in 
proportion to the size of the sample being drawn this 
would make no essential difference in results. In the 
present instance it will tend to slightly increase the 
number of repeats, and slightly decrease the final 
estimate. 

Despite its difficulties the collecting ratio is a 
method that can be used to give a fair estimate of 
population size by sampling over a limited time 
period, and so has much usefulness. 

Field data and modifications—Data to be used in 
the formulas of Schnabel & Underhill were obtained 
from five collection trips made in the late summer 
by the methods described. The field data were modi- 
fied as follows to offset the effect of border residents 
and transients. 

When all animals using a plot of ground are col- 
lected, their numbers will represent, on the average, 
the population of the plot plus the population of an 
area around its borders equal in width to one-half 
the diameter of an average home range (Dice 1938). 
It follows that the animals whose ranges overlap the 
borders of the plot represent the population of an 
area that is equal in width to the diameter of the 
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average home range. The width of this marginal 
strip will be one-half home range diameter inside the 
study plot and one-half home range diameter outside 
its borders. 

The 350 foot average range of the box turtles was 
used to determine the acreage of the marginal strip. 
The area of this strip was calculated to be 24.7 acres, 
with 11.2 acres inside the study plot and 13.5 acres 
outside its borders. No marginal area was allowed 
on the side where the study plot bordered the river. 
If the population is distributed uniformly over the 
study plot and the surrounding area, the border resi- 
dents present in the 29.1 acre study area at any one 
time will equal the population of 11.2 of these acres. 
In random samples, the turtles that are collected can 
be assumed to average 39% (11.2/29.1) border resi- 
dents and 61% regular residents. At a subsequent 
collection the marginal residents collected at the first 
period may have moved to other parts of their ranges, 
outside the study plot, where they are not available 
to collection. Other border residents, not present in 
the area in the first period, may be there at the second 
collection. At one extreme, no border residents that 
were collected the first period would be available the 
second period. At the other extreme, all would still 
be available in the study area the second period. For 
calculations it is probably best to assume that one- 
half the previously collected border residents remain 
in or return to the study area, and to make cor- 
rections on this basis. To make no correction is to 
assume the unlikely condition that all the previously 
collected border residents remain in the study area. 

Turtles collected only once during the entire season 
were considered transients. The basis of this rating 
is discussed in the previous section. The transients 
taken in the five census trips represented 6.7% of the 
collections. They are subtracted from the totals be- 
fore application of the formulas. 

For example: 44 turtles were collected on July 31 
and 43 on August 10. Subtracting transients (4 on 
7-31 and 3 on 8-10) leaves 40 for each date. Margi- 
nal residents collected on the first date are assumed 
to be .39 x 40. Half of these, 7.7, subtracted from 
40 leaves 32.3 to represent the number of marked 
turtles from the first period assumed present in the 
area at the second period. 

Calculations—Sinee the turtles were individua'lv 
identifiable the returns between the different census 
trips could be independently determined. Comparing 
each sample with each succeeding sample in the set 
of five provides ten sets of data (Table 5). The ten 
sets of data are not strictly independent of each other, 
even though the repeats are in each case independent- 
ly determined. Nevertheless it seems certain that a 
more reliable estimate will be obtained by utilizing 
the whole of the data than by restricting comparisons 
to the strictly independent pairs. 

When the field data are modified as described above 
and estimates are made using Schnabel’s formula, the 
population of the 29.1 acre area is 130 (121 plus 
9 transients) or 4.5 per aere. Underhill’s formula 
gives 129 or 4.4 per acre. If account is taken of 
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TABLE 5. Collection Data for Population Estimate 





First SAMPLE SECOND SAMPLE 


—_———— , ————— ————— —————) Recaptures 

Date Number Date | Number 

7-31 | 44(4) 8-10 43(3) 11 
8-10 43(3) 8-29 40(2) S 
8-29 | 40(2) 9-13 42(4) 13 
9-13 42(4) 9-26 56(2) | 15 
7-31 44(4) 8-29 40(2) | 9 
8-10 43(3) 9-13 42(4) 11 
8-29 40(2) 9-26 | §6(2) 9 
7-31 44(4) 9-13 42(4) 10 
8-10 43(3) 9-26 56(2) | 14 
7-31 | 44(4) 9-26 56(2) | 1S 


Numbers in parenthesis represent transients. See text 
for explanation, and for methods of making corrections 
for transients and border residents. 


border residents but not of transients, the estimate 
becomes 140 or 4.8 per aere. 

If no corrections are made in the field data the 
estimate can be expected to represent the population 
of an area greater than the 29.1 acre study area, but 
less than the “system” (the 42.6 acre area including 
one-half home range diameter around the borders 
of the plot). Using Schnabel’s formula, the estimated 
number is 173, which would represent a population 
more than 4.1 but less than 5.9 per acre. A very 
large transient population would bring the estimate 
nearer to the population of the larger area, and con- 
ceivably even beyond it. 

There is a close correspondence between estimates 
made by the collection ratio from special census data 
and the estimate based on the entire season’s col- 
lecting. Both are between 4 and 5 adult turtles per 
acre. 

Juvenile population—The number of juveniles in 
the population was relatively small in comparison 
with the number of adults. The problem of esti- 
mating their numbers was complicated by several 
factors, (1) Small turtles were not numerous and 
this made it difficult to get adequate samples, (2) 
Small turtles were not as easy to see as larger turtles, 
and (3) Small turtles may have more tendency to 
wander than adults. This is not an established fact, 
but is a possibility that must be considered. 

Turtles with carapace length 107 mm. and smaller 
were classed as juveniles. Turtles of this size had 
the secondary sex characters poorly or not at all de- 
veloped and were presumably immature. Turtles 
greater than 118 mm. in carapace length were ma- 
ture and had the secondary sex characters well de- 
veloped. However, some individuals in this group 
had probably not reached maximum size and were 
still growing. The intermediate group, 108-117 mm. 
carapace length contained some immature and some 
fully grown mature turtles. It seemed most satis- 


factory to treat the three groups separately because 
of the difference in collectability of large and small 
turtles, and because a separation into two groups 
only, juvenile and adult, would have been quite arbi- 
trary. 
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The number of turtles in the smaller size groups 
was estimated by two methods, one designed to give 
a minimum figure and the other a maximum figure, 
with the supposition that the actual population size 
would lie between the limits. 

(1) The actual number of juvenile collections on 
the census trips is compared with the number of col- 
lections of adults on these same trips. The juvenile 
estimate is made by proportional eomparison with 
the estimated adult population. Error caused by 
transients is avoided by this method. However, it 
assumes that young and adults are equally visible 
and available to collecting. Since this is not true, 
the estimate will be too low. 

On the census trips used for estimating the size 
of the adult population, 225 collections were made, 
On these same trips there were 7 juvenile collections 
and 6 collections of turtles of intermediate size. 
Since the adult population was estimated at 4.6 per 
acre, the estimate for juveniles by this method will be 
7/225 of 4.6 or .14 per acre. For the intermediate 
group, 6/225 of 4.6 is .12 per aere. 

(2) The total number of juveniles collected in the 
entire season is compared with the total number of 
adults. This assumes that in the course of the 
season the proportion of the resident juvenile popu- 
lation that is collected will be the same as the pro- 
portion of the resident adult population that is col- 
lected; that the handicap of low visibility is over- 
come with increased numbers of collections. It also 
assumes that juveniles are no more transient than 
adults. If the latter is untrue, the estimate will favor 
juveniles and be too high. 

In the 1945 season, 245 individual adults were 
collected in the study area, plus 26 juveniles and 12 
of the intermediate group. The estimate for juveniles 
by this method will be 26/245 of 4.6 or .49 per acre. 
For the intermediate group this will be 12/245 of 4.6 
or .22 per acre. 

The intermediate group is more likely to resemble 
the adults in visibility and habits than the trulv 
juvenile group. The expectation that minimum and 
maximum values by the two methods would be closer 
together for the intermediate group than for juveniles 
proved to be true. 

The estimated number of juveniles is between .1-and 
-) turtle per acre, and the estimated number of 
turtles in the intermediate size group is between .1 
and .2 turtle per acre. 

These numbers are small in comparison with the 
number af adults in the population. Their addition 
to the adult figures does not change the total estimate 
of between 4 and 5 turtles per acre. 


SUMMARY 

A population study of the box turtle (Terrapene c. 
carolina Linnaeus) was made during the years 1944 
to 1947 at the Patuxent Research Refuge, Maryland. 

A thirty acre area in well drained bottomland 
forest on the flood plain of the Patuxent River was 
selected for intensive study. Similarly forested land 
extended in all directions from the study plot. 
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Markers were established at eighty-three foot in- 
tervals over the study plot for reference in record- 
ing locality data. Individuals were marked by filing 
notches in the marginal seutes according to a code 
system. There were 2109 collections of study area 
turtles. 

Records of collecting sites and turtle behavior 
showed that in the bottomlands habitat cover is 
utilized extensively during the day as well as at 
night. Turtles not actively moving about are almost 
always found in or around brush piles, heaps of 
debris, and tangles of vines and briars. Gully banks 
and woods openings are used for sunning. Turtles 
are occasionally found in the mud or water of the 
gullies. 

The commonest type of night retreat is a cavity 
constructed by the turtle in leaves, debris, or earth. 
These cavities, termed “forms,’ may be used only 
once, but are sometimes used repeatedly, often at in- 
tervals of several days or more. Different turtles 
sometimes use the same form on successive nights. 

Weather conditions most favorable to turtle activity 
are high humidity, warm sunny days, and frequent 
rains. The most unfavorable influences are low 
temperatures and drought. On most summer days 
there are some active turtles but individual turtles 
are not active every day. Periods of activity are 
alternated with periods of quiet even in favorable 
weather. This behavior is most pronounced in early 
spring and late fall when inactive days are often more 
numerous than active ones. 

Adult turtles occupy specific home ranges which 
they maintain from year to year. The turtles living 
in the study plot retained their ranges even through 
a flood that completely covered the area. 

Maximum home range diameters were determined 
by measurements of the mapped ranges of individual 
turtles. The average range of adult males was 330 
feet, adult females 370 feet. The difference between 
male and female ranges was not statistically signifi- 
eant. 

There was no evidence of defense of territory. 
Ranges of turtles of all ages and both sexes over- 
lapped grossly. Turtles were frequently found near 
each other and no antagonistic behavior was observed. 

A trail-laying device was developed in order to fol- 
low individual travel routes. The trailer consists of 
a light weight housing fastened to the turtle’s back. 
It contains a spool of white thread that unwinds as 
the turtle moves, thus marking its exact route. 

Turtles selected for this more detailed study were 
followed with trailers for a total of 456 turtle days. 
Maps illustrating their travels are shown. Normal 
movements within the home range are characterized 
by, (1) turns, doublings, detours, and eriss-crossing 
paths completely covering the area, (2) interspersion 
of fairly direct traverses of the home range, (3) fre- 
quently repeated travels over certain paths or routes. 

Trailer records and mapped collection records both 
show that the maximum limits of the home range are 
ordinarily reached within a few days or weeks. This 
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general procedure is varied by some turtles to in- 
clude intensive coverage of only one portion of the 
range at a time. 

Some turtles have two home ranges and travel be- 
tween them at infrequent intervals. One turtle show- 
ing this behavior was followed with a trailer for 161 
days during 1946 and 1947. 

Trips outside the home range are made by some 
turtles. These include egg laying trips by females 
as well as trips of unexplained nature made by both 
males and females. Turtles from other areas oe- 
casionally occur as transients in the study plot. 

The size of the population was estimated on the 
basis of collections during one’ complete season. 
Allowance was made for behavior of transient indi- 
viduals and those whose ranges overlapped the borders: 
of the plot. 

Systematie census trips, standarized for time and 
procedure, provided the data for a second method of 
esimating population size. Census data used in the 
estimates were those taken in late summer after fe- 
males had returned from egg laying. The samples 
were spaced at intervals of a week or more to allow 
free movement of turtles over their ranges between 
collections, and so assure the more nearly equal avail- 
ability of all turtles. The population size was esti- 
mated by comparing the standard samples by a col- 
lection ratio. Assumptions involved in the use of 
this ratio are discussed. The estimate by this method 
was the same as by the first method. 

The population of the study area was estimated to 
be between four and five turtles per acre, with 
juveniles constituting less than 10% of the total. 
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THE EcotogicaL Society or AMERICA was founded in 1915 for the purpose of giving unity to the study 
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